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ABSTRACT 
This Thesis describes the characterisation of five genomic clones from Drosophila 
melanogaster: Ifs1, Afs3, ).fs4, ).fs6 and ?Js7, which were isolated in a differential 
cDNA screen for genes encoding non-gonadal female-specific transcripts. 
Northern analysis was used to identify transcripts encoded by the genomic dones 
in adult males and females, and to investigate their spatial and temporal expression 
patterns. In addition, in situ hybridisation studies on whole tissue preparations 
were used for more accurate determination of transcript distribution, being 
particularly successful in ovarian tissue preparations. 
Clones Xfs3, )fs4, )fs6 and ).fs7 were found to contain DNA with an interesting 
pattern of cross-hydridisation. This is described in detail and possible explanations 
discussed. 
Finally, the justification for the isolation of these dones from a screen for genes 
with non-gonadal female-specific expression is considered. 
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CHAPTER 1: INTRODUCTION 
1.1 SEXUAL DIMORPHISM IN DROSOPHILA MELANOGASTER 
In a sexually dimorphic organism such as Drosophila melanogaser the processes 
of sex determination and differentiation are of great importance in the study of 
its development. Sex-specific gene expression throughout development leads to 
striking differences between adult males and females. The sexual dimorphism 
in cuticular characteristics includes the fact that females are larger than males 
and have seven abdominal segments whereas males have six. Males show 
extensive pigmentation of the posterior abdomen compared to females, they 
have unique bristles on the forelegs known as the sex-combs which are absent 
in females, and the morphology of their genitalia and analia differs (Baker and 
Belote, 1983). Sexual dimorphism in internal tissues obviously includes the 
presence of sex-specific gonadal tissue and germline tissue in which the sex-
• specific processes of oogenesis or spermatogenesis occur. There is also sexual 
dimorphism in nonsex-specific tissue such as the nervous system which results 
in marked differences in behaviour and biochemistry so that, for example, 
females are sexually attractive while males are not, and males perform courtship 
while females do not (Tompkins, 1986). Some examples of sexual dimorphism 
in the nervous system have already been investigated, such as the numbers of 
gustatory receptors in adult legs. Males have more of these gustatory receptors, 
and the axons from the male receptors follow a different pathway from those 
in the female nervous system. Studies on gyriandromorphs (sexual mosaics) 
show that it is the sexually determined state of the sensory neurons, not that 
of the central nervous system, that controls the axon growth i.e. the site of 
control is within the neurons (Possidente and Murphey, 1989). 
2 
The sexually dimorphic adult structures originate from common progenitor cells 
within the larva (imaginal discs and abdominal histoblasts) except for the 
genitalia and associated tissues, which develop from different primordia (genital 
imaginal discs) in males and females (Nothiger et al., 1977, In: Baker and Belote, 
1983). 
1.2 THE PRIMARY SIGNAL FOR DOSAGE COMPENSATION AND SEX 
DETERMINATION 
In Drosophila melanogaster the ratio of X-chromosomes (X) to sets of autosomes 
(A) is the primary signal for dosage compensation and sex determination 
(Figure 1.1). In the normal situation a female has two X-chromosomes and two 
sets of autosomes, i.e. a ratio of X:A = 1, and the male has one X-chromosome 
(and one Y-chromosome) and two sets of autosomes, i.e. a ratio of X:A = 0.5. 
1.2.1 Dosage Compensation 
The presence of two X-chromosomes in female cells and only one X-
chromosome in male cells means that dosage compensation is necessary to 
produce the correct level of X-Iinked gene expression in both sexes. Hyper-
transcription of the single X-chromosome in male cells produces a transcription 
level equal to that of the two female X-chromosomes together (this has been 
reviewed in Stewart and Merriam, 1980) and it has been shown that it is the 
X:A ratio that acts as the primary signal for this dosage compensation 
mechanism (Figure 1.1; reviewed in Lucchesi, 1977). In an organism where 
approximately 20% of genes must be located on the X-chromosome the 
accuracy of dosage compensation is important, and it appears that the 
mechanism acts to control the levels of transcription of stretches of the 
chromosome independently (e.g. Bowman and Simmons, 1973). Some genes on 
3 
Figure 1.1: In Drosophila melanogaster the ratio of X-chromosomes (X) to sets of 
autosomes (A) is the primary signal for dosage compensation and sex determination. 
(Reproduced from Wolfner, 1988). 
The X:A signal acts through regulatory genes such as Sex-lethal (Sxl) upon somatic sex 
determination, germline sex determination and the level of X chromosome 
transcription required for correct dosage compensation. 
Chromosomal  
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the X-chromosome may however escape dosage compensation, as has been 
suggested for the three yolk protein (yp) genes which are only expressed in 
females (Ota et al., 1981). 
Studies on gynandromorphs show that dosage compensation is cell 
autonomous (Lakhotia and Mukherjee, 1969). 
1.2.2 Somatic Sex Determination 
The X:A ratio is also the primary signal for somatic sex determination (Figure 
1.1). The existence of XO males shows that the Y-chromosome is not required 
for differentiation into a normal phenotypic male, though it is necessary for 
correct spermatogenesis. 
Observation of aneuploid ffies with intermediate X:A ratios provided even more 
information on this primary sex determination signal. For example, ifies with 
a ratio of 2X:3A develop an intersexual phenotype (Bridges, 1921), but when 
observed closely are found to be coarse-grained mosaics of male and female 
cells (Hannah-Alava and Stern, 1957). This tells us that the decision at the 
cellular level is to be male or female, not intermediate, and that the decision is 
cell autonomous. 
- 	 In summary, it can be shown that an X:A ratio ~t 1 determines female 
development, while an X:A ratio :5 0.5 determines male development, and that 
the assessment of the X:A ratio takes place early in development. This was 
demonstrated by the induction of 1X:2A cells within 2X:2A females: if this was 
done at the blastoderm stage the cells switched from female to male 
development, but if this was done later the change was effectively lethal 
(Sanchez and Nothiger, 1983) as a result of inappropriate dosage compensation. 
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1.2.3 Germ Line Sex Determination 
Investigations on the effects of the X:A ratio on sex determination in the germ 
line have produced somewhat conflicting results. Experiments using 
transplantation of genetically marked germ line progenitor cells into host 
gonadal tissue resulted in chimeras of host and donor germ cells, the successful 
gametogenesis of which could only be detected as progeny showing the 
appropriate genetic markers. These experiments showed that viable eggs were 
only produced by XX cells transplanted into ovaries, and viable sperm were 
only produced by XY cells transplanted into testes (lllmensee, 1973; Van 
Deusen, 1976; Marsh and Wieschaus, 1978; Schüpbach, 1982, 1985). This 
suggested an effect due to the X:A ratio, but the fate of XX cells in male gonads 
and XY cells in female gonads was unclear except that functional gametes were 
not produced. 
Recent experiments by Steinmann-Zwicky et al. (1989) used transplantation of 
germ line progenitor cells into host embryos that were devoid of germ cells 
because their mothers were homozygous for the maternal effect gene 
oskar(osk301) which prevents formation of pole cells, the germline progenitor cells 
(Lehmann and Nusslein-Volhard, 1986). This rules out the possible lethality of 
transplanted cells due to competition with host germ cells, and meaning that 
any germ cell development observed is a result of the donor transplant. These 
experiments showed that within a host ovary germ cell development was 
determined according to the X:A ratio, so that XX cells enter the oogerüc 
pathway and XY cells enter the spermatogenic pathway. However, within a 
testis both XX and XY germ cells entered the spermatogenic pathway 
(Steinmann-Zwicky et al., 1989). The conclusion is that sex determination in the 
germ line requires cell autonomous genetic information including the X:A ratio 
(Figure 1.1), and that in addition XX cells respond to inductive signals of the 
soma. 
1.3 SEARCH FOR SEX DETERMINATION GENES 
Mutations affecting sexual development and/or having sex-specific effects have 
revealed a number of genes required for normal sex determination (Table 1.1). 
There are at least five key genes required for somatic sex determination: Sex-
lethal (Sxl), transformer (tra), transformer-2 (tra-2), doublesex (dsx) and intersex (ix) 
and genetic analysis of these mutations gave some insight into the action of the 
wild type genes (Table 1.1), suggesting that Sxl, tra, tra-2 and ix were 
functionally "on" in females and functionally "off' in males, while dsx had a 
bimodal role in sex determination. 
The relative positions of these genes in the somatic sex determination pathway 
were investigated by X-ray-induced mitotic recombination to generate within 
a wild type fly phenotypically marked cell clones homozygous for combinations 
of themutations, and this revealed a clear epistatic hierarchy: 
Sxl < tra, tra-2 < dsx 
meaning that ifies mutant for dsx will show the dsx phenotype irrespective of 
upstream mutations (Baker and Ridge, 1980). The genes can thus be seen to 
form a single hierarchy controlling somatic sex determination (Figure 1.2), 
though the position of ix was not established with certainty (Nothiger et al., 
1987). This suggested a model in which SxI expression in females could act to 
"switch on" tra, tra-2 and ix in females to bring about the female mode of action 
of dsx for female differentiation. 
The roles of the genes in somatic sex determination have been investigated by 
extensive genetic studies, cloning of the genes and molecular analysis of their 
expression. In addition Sxl has been shown to act in dosage compensation and 
Table 1.1: The most studied genes involved in somatic sex determination. 
(Reproduced from Slee and Bownes, 1990). 
The somatic sex determination genes Sex-lethal (Sxl), transformer (tra), transfbrmer-2 (tra-
2), doublesex (dsx) and intersex (ix) were discovered due to mutations affecting sexual 
development and/or having sex-specific effects. The phenotypic effects due to these 
mutations gave insight into the wild type functions of the genes in somatic sex 
determination. 
Map 
Gene 	Mutation(s) 	 Phenotype 	 Function 	position 
doublesex Recessive (XX flics-intersex or 
(dsx) 3 XY flies-+intersex or 
alleles (.XX and XY flies-interscx 
Dominant XX f1ics-intcrsex 
intersex Recessive XX f1ics- intersex 
(ix) 
Active in 9 to determine so- 1-19.2 
matic differentiation by 
activation of Ira and prevent 
hypertranscription of X 
chromosome; inactive in 0 
Active in conjunction with 3-4.5 
Ira-2 in regulation of dsx 
in 9; inactive in 0 
Active in 9 to induce 9-spe- 2-70 
cific dsx expression and 
repress o-specific dsx ex- 
pression; inactive in O sex 
determination 
Active in o to repress 9 84E 1-2 
differentiation functions 
Active in 9 to repress 0 dif- 
ferentiation functions 
Active in 9 in conjunction 2-60.5 
with dcx product to repress 
0 differentiation functions 













Figure 1.2: The key genes in the somatic sex determination hierarchy. 
(Adapted from Wolfner, 1988). 
The genes Sex-lethal (Sxl), transformer (tra), transformer-2 (tra-2), doublesex (dsx) and 
intersex (ix) form a single hierarchy which controls somatic sex determination. 
FEMALE (X:A=1) MALE (X:A=0.5) 
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germ line sex determination (Muller and Zimmering, 1960; Zimmering and 
Muller, 1961). The other four key somatic sex determination genes do not block 
gamete production for the sex whose somatic tissue they transform (Marsh and 
Wieschaus, 1978; Schüpbach, 1982), though transformer-2 does have some role 
in the germ line (section 1.8). 
1.4 SEX-LETHAL, THE HEAD OF THE HIERARCHY 
1.4.1 A Role for Sex-lethal in Dosage Compensation 
The Sex-lethal (Sxl) gene was discovered as the result of a spontaneous recessive 
mutation proving lethal in females during the embryonic stages of development 
(formerly known as Female-lethal, Fl; Muller and Zimmering, 1960; Zimmering 
and Muller, 1961). This Sxl' loss of function mutation has a lethal effect in XX 
ffies with or without a Y-chromosome and even when they have been 
transformed into phenotypic males (by the tra mutation) or intersexes (by dsx, 
• ix, dsx", or dsx). Also, Sxl males that have been transformed into intersexes 
by dsx are still viable which suggests that the lethality is a result of the presence 
of two X-chromosomes, thus implying a role for Sxl in female dosage 
compensation (Table 1.1; Muller and Zinimering, 1960; Marshall and Whittle, 
1978). 
Another Sxl mutation, SXlM,  was found to be a dominant male-specific lethal 
allele which behaves as a constitutive allele and therefore has very little effect 
on female viability (Cline, 1978). In fact, this mutation can rescue females from 
otherwise lethal effects of mutations in positive regulators of Sex-lethal. Evidence 
for the male lethality being a result of functional Sxl presence where it is not 
normally expressed comes from the observation that male lethality requires that 
SX 1M be trans to a functional Sxl gene (Cline, 1981). So, the absence of Sxl 
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activity is a requirement of X-hypertranscription in the male for correct dosage 
compensation (Cline, 1983). 
The Sxl gene acts in dosage compensation by deactivating at least four genes 
in males, male-specific lethals 1,2,3 (msl 1,2,3) and maleless (nile), to produce the 
male rate of X-chromosome transcription (Belote, 1983; Pirotta et al., 1985; 
Krunim et al., 1985; reviewed in Jaffe and Laird, 1986). However, genetic 
evidence points to the requirement of additional genes for early dosage 
compensation functions. For example, an assay for dosage compensation of the 
X-linked runt locus revealed no effect of these male-specific lethal mutations on 
early dosage compensation (Gergen, 1987). Two loci, virilizer (vir) and 
hermaphrodite (her), have been identified whose mutant phenotypes suggest a 
role as mediators of the Sxl control on dosage compensation and sex 
determination (Amrein, Hilfiker and Nothiger, unpublished; Carson, personal 
communication, In: Baker and Belote, 1983). 
1.4.2 A Role for Sex-lethal in Somatic Sex Determination 
To study mutations in genes vital for survival, such as Sxl 1 , it is useful to 
induce clones of cells homozygous for the mutation by mitotic crossing over in 
a heterozygote, in this case Sxl/+. The resulting homozygous cell clones show 
a male phenotype demonstrating the role of Sxl in somatic sex determination 
(Cline, 19791;  Sanchez and Nothiger, 1982). The absence of wild-type Sxl 
function is necessary for male sex determination as the SxlM*l  mutation in 
1X:2A cells causes female differentiation (Table 1.1; Dine, 1979). 
Further evidence for this "on"t'off' control in somatic sex determination comes 
from observation of mutant effects on XX:AAA individuals which normally 
develop as intersexes: the loss-of-function Sxl alleles cause them to develop an 
extreme male phenotype, while SxlM  causes female development (Cline, 19831) .  
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Further experiments were aimed at distinguishing the role of Sex-lethal in the 
different steps of sex determination which are initiation of the sex 
determination pathway, maintenance of pathway commitment, and expression 
of this commitment. The foreleg of the fly shows sex-specific characteristics at 
the level of individual cells in their bristle formation: the male leg has a 
distinctive sex comb, a row of thick, dark bristles, whereas the female has long, 
thin, light bristles. A mosaic intersex can be seen to have cells producing either 
male or female bristles, but the true intersex (in which each cell is of intersexual 
phenotype) has bristles of intermediate phenotype. The mosaic intersex can be 
seen as a phenotype reflecting defects in initiation of the sex determination 
pathway and/or maintenance, while the true intersex can be seen as a 
phenotype reflecting defects in expression of the pathway commitment. 
Initiation of the pathway appears to take place at or soon after the blastoderm 
stage as determined by clonal analysis of sexual mosaics produced by Dine 
(1984). He used conditions where some diplo-X cells would be able to maintain 
a male sexual commitment as a result of epigenetic effects on Sxl expression, 
and this produced mosaic intersexes with large patches of phenotypically male 
and phenotypically female tissue despite all tissues having the same genotype. 
This demonstrates the role of Sxl in initiation of the sex determination pathway 
and its time of commitment. 
Somatic recombination during the larval stages of development was used to 
study dones of cells homozygous for the partial loss-of-function allele Sx in 
a heterozygous female, and produced the mosaic phenotype. No cells having 
an intersexual phenotype were observed. As recombination occurred after the 
time that the normal sexual pathway commitment is made (Dine, 1984), this is 
argued as showing an effect of Sxl on maintenance of pathway commitment 
(Maine et al., 1986). 
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iii. A temperature dependent dominant mutant allele, SXlMl,1I  shows the effect 
of variable levels of SxI expression on sexual development (Maine et al., 1986). 
It was shown that female, true intersex and male phenotypes could be created 
in flies raised at 29°C, 25°C, and 18°C respectively, which is argued as 
demonstrating the role of Sxl in expression of the sex determination pathway 
(Maine et al., 1986). 
1.43 A Role for Sex-lethal in Germ line Sex Determination 
The discovery of a female viable but sterile allele of Sxl (F1') first suggested a 
function for the Sxl gene product in germ line sex determination (Zinimering 
and Muller, 1961). 
Steinmann-Zwicky et al. (1989), having already demonstrated that sex 
determination in the germ line required cell autonomous genetic information, 
but that XX:AA cells. also responded to inductive somatic signals (section 1.2.3), 
went on to investigate the effects of a number of Sxl mutations. Germ cell 
precursor cells mutant for the lack-of-function SxP' allele, or for the gain-of-
function SXIM1  allele, were transplanted into host embryos devoid of germ cells 
(from homozygous oskar mothers). It was found that when XX germ cells lack 
Sxl activity they enter spermatogenesis even within an ovarian environment, 
which indicates that normally Sxl activity is involved in the cell autonomous 
entry of XX:AA cells into oogenesis. When XX germ cells carry the gain-of-
function SX1MI  allele they enter oogenesis even within a testis, showing that the 
Sxl activity overrules somatic induction (this could be by escaping testicular 
induction or not requiring a female-determining signal). The authors concluded 
that the genetic and somatic signals affecting XX germ cells both act through 
Sex-lethal to achieve sex determination. 
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Further investigation in the same laboratory (Nothiger et al., 1989) involved 
morphological examination of the gonads of pseudomales and pseudofemales. 
2X:2A individuals transformed into pseudomales by tra, tra-2, or dsx generally 
developed only rudimentary testes with abortive germ cells, though they 
occasionally showed signs of oogenesis. However, rare examples of 
spermatogenesis demonstrate the inductive influence of the surrounding 
somatic cells on the development of the germ cells. 2X:2A individuals 
- transformed into pseudomales by Sxl leaky mutations developed testes with 
only spermatogenic germ cells, and when 2X:2A (tra) pseudomales carried the 
constitutive mutation SX1MI  the testes only contained oogenic stages. This shows 
the effect of the state of Sxl on germ cell sex determination (Figure 1.1), and 
Nothiger et al. conclude that Sxl is the target for the inductive influence of the 
soma. 
Sex determination in the. germ cells is obviously complicated, depending on 
both cell autonomous and somatic factors. For fully functional sperm or egg 
production a germ line of the appropriate X:A ratio must develop in a sexually 
matched gonadal soma. 
1.4.4 Molecular Analysis of Sxl 	 . 	. 
The Sxl region was cloned (Maine et al., 1985) by P-element transposon-tagging 
and restriction fragments were used to probe Northern blots which revealed a 
complex pattern of multiple, overlapping transcripts including male-specific and 
female-specific size classes. Three transcripts were identified as blastoderm-
specific with no observable sex-specificity (Bell et al., 1988), but three of the later 
transcripts were shown to be male-specific (2.0, 3.6 and 4.4 kb) and three 
female-specific (1.9, 3.3 and 4.2 kb). The three male-specific transcripts show 
considerable overlap and share introns but differ at their 3 ends. The same 
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was found to be true for the three female-specific transcripts, and they were 
found to be very similar to the three male-specific transcripts except for the 
inclusion of an extra exon in the male-specific transcripts. Isolation of sex-
specific cDNAs and sequence analysis of one male-specific and one female-
specific cDNA confirmed this, although the cDNAs could not be assigned to 
specific size-classes of transcript because they were truncated at their 3' ends. 
The sequence analysis showed that the most significant difference between male-
and female-specific cDNAs was the introduction of two stop codons by the 
additional exon in the male cDNA, so that the male product would only consist 
of the first 48 amino acids of the 354 amino acid product encoded by the single 
long open reading frame in the female-specific cDNA (Figure 1.3). 
There are five Sxl mutations which cause female-specific splicing to occur in 
males, and all of these mutations map to within one kilobase of the male-
specific exon which suggests that it is disruption of male-specific splicing that 
leads to use of the female-specific splice acceptor site in these males (Maine et 
al., 1985a; Baker, 1989). The male-specific splicing can therefore be considered 
as the default state and it must be assumed that functional Sxl product is only 
found in adult females. Antibodies raised against a lacZ-SxI fusion protein 
- encoded by Sxl sequences downstream of the male-specific stop codons detect 
two major female-specific proteins in extracts from adult ffies (Bopp et al., 1991). 
The presence of Sxl protein was also demonstrated in the early embryo by 
whole-mount antibody staining. This protein was shown to be female-specific 
and dependent on maternal daughterless and zygotic sisterless-b activity, positive 
regulators of Sxl (sections 1.5.1 and 1.6.1)(Bopp et al., 1991). 
The maintenance of the Sxl female determined state by autoregulation could be 
explained by a female-specific adult Sxl gene product interfering with the male- 
specific splice acceptor site, promoling female-specific splicing and allowing 
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Figure 1.3: Sex-specific RNA processing in the somatic sex determination hierarchy. 
(Reproduced from Slee and Bownes, 1990). 
The transcripts encoded by the somatic sex determination genes Sex-lethal (Sxl), 
transformer (tra) and doublesex (dsx) are processed in a sex-specific manner to produce 
male-specific and female-specific dasses of transcripts. Shaded areas represent coding 
sequence. 
Mapping of sex-specific cDNAs corresponding to the transcripts from Sxl showed that 
the most significant difference between the male- and female-specific cDNAs was the 
introduction of two stop codons by the additional exon in the male cDNA, so that the 
male-specific transcript has no long open reading frame, while the single long open 
reading frame in the female-specific Sxl cDNA would encode a protein of 354 amino 
acids (Bell et al., 1988). 
Mapping of cDNAs corresponding to the female-specific and non sex-specific 
transcripts from tra showed that these two RNAs are produced by alternative splicing 
of the first intron so thatthe non-sex-specific transcript has no long open reading 
frame, while the female-specific transcript includes a single long open reading frame 
which would encode a protein of 211 amino acids (Boggs et al., 1987). 
Mapping of cDNAs corresponding to sex-specific transcripts from the dsx gene 
demonstrated that they originate from a common precursor that is alternatively spliced 
and polyadenylated to produce male-specific and female-specific transcripts (Burtis and 
Baker, 1989). The male-specific and female-specific RNAs both possess long open 
reading frames which would produce proteins sharing 397 amino acids, but having 
unique C-termini of 152 aa in males and 30 aa in females (Burtis and Baker, 1989). 
TRANSCRIPT 	 PROTEIN PRODUCT 
Sx1 
	
1 	 2 	3 	4 	5678 
5 3' 	48 amino acids 
1 	 2 	4 	567 8 
• 3' 	354 amino acids 
frq + 
1 	 2 	 3 
c? and 5'I 
1) 	I 3' 	 37 amino acids 
12 kb 
I 	 2 	3 
5' I I 3' 	 211 amino acids 
1•0 kb 
dsx 
1 	2 	 356 
39 kb 	
3' 	 549 amino acids 
1 	2 	 34 
35 kb 	
' U\I-._..__..._--!1 	3* 	 427 amino acids 
adult female-specific Sxl expression to become independent of the initiating 
signal. To investigate this proposed Sxl autoregulation a female Sxl cDNA was 
placed under the control of the hsp7O promoter and introduced into the 
germilne of wild type ifies by P element-mediated transformation. Lines of flies 
were isolated in which feminising effects were observed in transgenic males 
reared at higher temperatures (at which the hsp7O promoter would be expected 
to bring about higher expression of the female Sxl cDNA). These transgenic 
males were also shown to have similar Sxl protein proffles to those found in 
normal females again demonstrating that the female state can be brought about 
by ectopic Sxl expression and supporting a model for positive autoregulation at 
the level of pre-mRNA splicing (Bell et at., 1991). It is therefore interesting that 
the protein product predicted from the female cDNA contains two related 
domains (RNP domains) with considerable similarity to a number of known 
ribonucleoproteins, most of which have been shown to bind RNA, suggesting 
a possible RNA binding activity for Sxt (Bell et at., 1988). 
Genetic studies have suggested a role for Sxt in the control of transformer 
expression in the sex determination hierarchy, and tra has also been shown to 
be regulated at the level of differential RNA splicing (Boggs et at., 1987; 
McKeown et at., 1988). An intriguing observation then is the occurrence of a 
long T tract near the regulated splice sites of both Sxl and tra, which could be 
involved in binding of the Sxt product to promote female-specific splicing 
patterns for SxI autoregulation and female-specific splicing of tra pre-mRNA 
(Bell et at., 1988). However, there are no distinctive characteristics of the 
regulated splice sites as compared with other splice sites; they conform to the 
consensus sequences for higher eukaryotes (Breathnach and Chambon, 1981). 
A role for Sxl in the control of splicing could account for its additional roles in 
germ line sex determination and dosage compensation, although the genes 
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encoding transcripts to which the Sxl gene product could bind have yet to be 
identified. Two of the classes of adult female Sxl transcripts (1.9 and 3.3 kb) 
have been shown to be represented in the germ line, and the 3.3 kb dass of 
transcripts in females was found to contain at least two distinctive RNA species, 
one of which is germ line-specific as demonstrated by probing Northern blots 
of RNA from wild type females and mutant females with absent or defective 
germ cells (Salz et al., 1989). These transcripts could account for the role of Sxl 
in germ line sex determination, but antibody staining was unable to detect Sxl 
protein in the pole cells of early embryos, the onset of Sxl expression in the 
germline occurs later than in the soma (Bopp et al., 1991). 
1.5 MATERNAL INVOLVEMENT IN SEX-LETHAL ACTIVATION 
Genetic analysis indicates that the activation of Sxl requires the products of at 
least two maternal genes, daughterless (da) and Daughter killer (Dk; Table 1.2; 
Figure 1.4). 
1.5.1 daughterless 
This gene was discovered as the result of a leaky mutation with a maternal 
effect such that at intermediate growth temperatures all daughters of 
homozygous mothers die while the sons live. This is the case even when the 
daughters are da/da, showing that it is a strictly maternal requirement in this 
situation (Cline, 1980; Table 1.2). The observation that 2X:3A progeny of 
homozygous da mothers are more male-like than the intersex progeny of wild 
type mothers demonstrates the role of da in sex determination (Clime, 1983). 
The further observation that daughters can be rescued by the constitutive Sex-
lethal mutation SXlMl  suggests that this is due to a requirement for da in the 
activation of Sxl in the female for correct sex determination and dosage 
compensation (Clime, 19831  and 1984; Maine et al., 1985). 
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Table 1.2: Genes that interact with the key regulatory gene Sex-lethal in sex 
determination and dosage compensation. 
(Reproduced from Slee and Bownes, 1990). 
The genes daughterless (da), Daughter-killer (Dk),fsWl62l,  sisterless-a and -b (sis-a and - 
b), virilizer (vir), male-specific lethals 1, 2 and 3 (msl 1, 2 and 3), maleless (mle) and 
hermaphrodite (her) which interact with Sex-lethal were discovered as the result of 
mutations. The phenotypes produced due to these mutations gave an insight into the 




Gene Mutations Phenotype 
daughterless (da) Recessive: matern- 9  embryonic lethal 
ally acting 
Daughter killer Haploid insufficient: 9  embryonic lethal 
(Dk) maternally acting 
fs(l) 1621 Recessive Ovarian tumors in 
9; sterile 
.cislerless a and b Recessive 9 embryonic lethal 
(sis-a and sis-b) 
virilizer (air) 	Recessive (multiple 	(a) 9  and cr lethal 
alleles) 	 (b) XX cells-+cY 
phenotype 
(c) XX fly-.intersex 
Function in 
sex determination 
Necessary for activation of zy-
gotic Sxl in 9 embryos 
Necessary for activation of zy-
gotic Sxl in 9  embryos 
Required for Sxl activation 
in 9  embryos 
Possible X chromosome nu-
merator elements involved 
in Sxl activation in 9 
ON in 9  to translate active 
state of Sxl into 9  somatic 
differentiation and basal 
level of X chromosome tran-
scription (possible additional 





2- 103 .3 
male-specific 	Recessive OP lethal 
let ha/s 
1,2,3 (msl 1,2,3) 
maleless (rn/c) 
hermaphrodite (her) 	Recessive Feminizes XY flies; 
masculinizes XX 
flies; reduces via- 
bility of both sexes 
Translation of inactive state of msl 1 2-53.3 
Sxl into X chromosome msl 2 2-9.0 
hypertranscription in 0 msl 3 3-25.8 
rale 2-56.8 
Required for normal sex-deter- 2-52.9 
mination in both sexes (pos- 
sible additional vital nonsex- 
specific function) 
Figure 1.4: The key genes of the somatic sex determination hierarchy and other 
interacting genes. 
(Reproduced from Slee and Bownes, 1990). 
The genes Sex-lethal (Sxl), transformer (tra), transformner-2 (tra-2), doublesex (dsx) and 
intersex (ix) form a single hierarchy which controls somatic sex determination. 
The interacting genes daughterless (da), Daughter-killer (Dk),fs(1)1621, sisterless-a and-b 
(sis-a and -b), virilizer (vir), male-specific lethals 1, 2 and 3 (msl 1, 2 and 3) and maleless 
(mie) are also involved in sex determination and dosage compensation. 
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However, at higher growth temperatures nearly all of the sons die as well, 
irrespective of their own genotype, showing a situation where the product 
is required non-sex-specifically. It has also been demonstrated that da is an 
essential zygotic gene in both sexes; for example, da1/Df(da) males and females 
die irrespective of the maternal genotype (Mange and Sandier, 1973). This 
suggests further functions for da in development, and indeed it has been found 
to be necessary for formation of the adult cuticle (Cronmiller and Oine, 1987) 
and somatic expression is required for proper egg membrane formation 
(Mahowald and Kambysellis, 1980). Examination of moribund embryos lacking 
zygotic da activity revealed that they lack their entire peripheral nervous 
system and parts of their central nervous system (Caudy et al., 1988), suggesting 
a major role in neurogenesis. 
The daughterless gene was cloned by Cronmiller et al. (1988), and the 
transcription unit of < 5.0 kb was found to encode two non sex-specific 
transcripts of 3.2 and 3.4 kb. The smaller transcript appears to be more 
abundant inearly embryos, possibly reflecting a maternal function. Additional 
evidence for this was provided by independent cloning of the daughterless 
region by Caudy et at. (1988), which identified a transcription unit giving rise 
to 3.2 kb and 3.7 kb transcripts, of which only the smaller one is present in 
ovary RNA. Both groups report isolation of cDNAs corresponding to these 
transcripts which include a large region of identical open reading frame with 
a predicted 710 amino acid product. This product shows similarity to the 
Drosophila gene products of bicoid and paired (Croruniller et al., 1988) both of 
which are involved in segmentation (Berleth et at., 1989). Caudy et at. (1988) also 
cite similarities with the products of the oncogene myc, which has been 
implicated in transcriptional regulation and RNA processing, the MyoDi gene, 
involved in myoblast determination and the T3, T4 and T5 genes of the 
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Drosophila acizaete scute complex which is involved in neuronal precursor 
determination (Garcia-Beffido, 1979). These similarities support the idea of a role 
for dii in determination of cell fates. 
More recently an observed similarity with human enhancer binding proteins 
E12 and E47 has suggested a more specific role for da as a transcriptional 
regulator. These proteins share a stretch of amino acids which are predicted to 
form two amphipathic helices separated by a a-turn, and deletions in E12 and 
E47 affecting these domains resulted in loss of enhancer binding (Murre et al., 
19891), showing that they were required for the specific DNA binding of the 
proteins. Helix-loop-helix proteins have been shown to fall into at least two 
classes, class A which contains daughterless, E12 and E47, and class B which 
contains acizaete-scute T3 and MyoD. Apparent heterodimer formation between 
a class A and class B protein mediated by the helix-turn-helix domain confers 
strong binding affinity with enhancer DNA while apparent homodimers bind 
more weakly (Murre et al., 19892).  The formation of an enhancer-binding 
'heterodimer including the da product could suggest an interesting model for an 
apparently ubiquitous protein, such as the da product (Brand and Campos-
Ortega, personal communication, In: Murre et al., 19892), having a number of 
- -  spatial and temporal roles in development by forming dimers with tissue- or 
stage-specific proteins (Murre et al., 19892). 
1.5.2 Daughter-killer 
The dominant mutation Dk (Table 1.2) has a temperature sensitive maternal 
lethal effect on female embryos and has a masculinizing influence on 2X:3A 
progeny, showing its similarity to the da mutation. The mutant phenotype can 
also be rescued by a zygotic constitutive Sxl mutation, suggesting that Dk and 
da maternal gene products may interact in the activation of Sxl in female 
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embryos for correct sex determination and dosage compensation Figure 1.4). 
Temperature shift experiments show that the requirement for Dk ceases before 
the end of oogenesis, earlier than the da requirement, and before the Sxl activity 
has been set. Therefore it has been suggested that Dk acts on Sxl via an 
intermediary rather than directly. It has also been postulated to have different 
maternal and zygotic functions in the same way as da (Steinmann-Zwicky et al., 
personal communication). 
1.6 ELEMENTS INVOLVED IN X:A ASSESSMENT FOR SEX-LETHAL 
ACTWATION IN FEMALES 
The assessment of the X:A ratio as the primary signal for sex determination and 
dosage compensation requires some mechanism for "counting" the number of 
X-chromosomes and autosomes present, and setting the state of expression of 
Sx!. One model proposed for such a mechanism requires the presence of an 
autosomally encoded repressor of Sxl in equal amounts in both sexes. The Sxl 
binding site(s) would bind the repressor with low affinity, but higher affinity 
binding site(s) existing on the X-chromosomes would be sufficient to 
accommodate all repressor molecules in the XX female allowing Sxl expression 
(Gadagkar et al., 1982; Chandra, 1985). Another model suggested the presence 
of X-chromosome encoded positive regulators of Sxl and autosome encoded 
negative regulators of Sxl such that the balance of these regulators determines 
the state of Sxl expression. Dine refers to these as "numerator" and 
"denominator" elements and a number of putative "numerator" elements have 
been identified through X-chromosome mutations. These are sisterless-a (sis-a), 
sisterless-b (sis-b) and the region 3E8-4F11 (Table 1.2; Figure 1.4). 
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1.6.1 sisterless-a and sisterless-b 
sis-a was first discovered as an X-linked female specific lethal with a 
masculinizing effect on 2X:3A intersexes (Cline, 1986). Duplication of the sis-a 
region of the X-chromosome was shown to be lethal in chromosomal males 
which also carried two copies of Sxl (Cline, 1988), suggesting an action as a 
positive regulator of Sxl. sis-a was found to interact synergistically with a 
second X-chromosome region which was named sisterless-b and is located 
within the achaete-scute complex. Simultaneous duplication of sis-a and sis-b is 
lethal to chromosomal males, while simultaneous deletion of one copy of both 
loci is lethal to chromosomal females, so these loci have been proposed to act 
in a quantitative manner to communicate the number of X-chromosomes to Sxl 
for its correct expression (Cline, 1988). However, even the conclusion that sis-a 
and sis-b are indeed "numerator" elements leaves us with the probabffity that 
there are others still to be discovered (Cline, 1988). 
The sis-b function has been shown to be conferred by protein T4 which is 
shared with the scute locus of the 4c/iaete-scute complex (Torres and Sanchez, 
1989; Parkhurst et al., 1990; Erickson and Cline, 1991). The T4 protein has been 
shown to have sequence similarity to the da product, and be a member of the 
helix-turn-helix family of proteins. The regulatory regions of sis-b which control 
T4 expression in sex determination are separable from those of scute which 
control T4 expression in neurogenesis (Erickson and Cline, 1991). The effects of 
homo- and heterodimers of helix-turn-helix proteins on enhancer-binding may 
be sufficient to explain the dose-sensitive control of sis-b over Sxl expression 
without the need for balancing autosomal "denominator" elements (Erickson 
and Clime, 1991). 
The observation that the T5 gene product of the ar/,aete-scute complex (with 
similarity to da and T4) seems to assume the T4 sis-b role in the absence of the 
18 
T4 gene only reinforces the arguments for the interactions of helix-turn-helix 
proteins having a role in sex determination. There is also the observation that 
premature expression of the gene hairy, which encodes another helix-turn-helix 
protein, can cause female-lethality by disruption of the X:A assessment 
(Parkhurst et al., 1990). This would be consistent with a model in which the 
ectopic hairy product binds to the sis-b (T4) product preventing the da/sis-b 
heterodimer formation necessary for Sxl activation. 
1.6.2 The Region 3E8-4F11 
A study on this region (Steinmann-Zwicky and Nothiger, 1985)  concluded that 
this part of the X-chromosome included X:A "numerator" elements acting upon 
Sxl. A duplication of the region caused male-specific lethality while females or 
males carrying the loss-of-function mutation Sxl 1 were unaffected. Deletion of 
one copy of the region was lethal or masculinizing in females heterozygous for 
Sxl1. However, the rescue of males by Sx1 1 proved to be unrepeatable in 
other labs (Oliver et al., 1988; Cline, 1988) and the elements for male and female 
lethality have been genetically separated (Cline, 1988). The smaller region 
responsible for the female lethal interaction with Sxl was found to be the 
previously identifiedfs(l)1621 (Cans et al., 1975; Gollin and King, 1981; Perrimon 
et al., 1986). This has unfortunately been renamed both sans-flue (snf) (Oliver et 
al., 1988) and liz (Steinmann-Zwicky, 1988) in studies which show thatf(1)1621 
does not act as predicted for a "numerator" element. The maternal genotype at 
this locus seems to be very important in that heterozygous females are sterile 
and produce ovarian tumours characteristic of germ lines lacking Sxl activity 
(Schupbach, 1985), suggesting that Sxl function in the germ line is more 
sensitive to fs(1)1621 mutations than it is in somatic tissue (Oliver et al., 1988; 
Steinmann-Zwicky, 1988). Early effects on Sxl may be due to maternal fr(1)1621 
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product while later effects (from syncytial blastoderm stage) on Sxl expression 
are dependent on zygoticft(l)1 621 gene product (Oliver etal., 1988; Steinmann-
Zwicky, 1988). 
Recent work withfs(l) 1 621 has identified five mutations that appear to be allelic 
to fs(1)1621 but do not map to the same interval on the chromosome. They 
have been named sans-file-like mutations and interestingly three of them 
display a dominant lethal interaction with Sxl, suggesting a similar role to that 
of fs(1)1621 in maternal and zygotic Sxl function (Albrecht,' personal 
communication). 
1.7 GENES UNDER THE CONTROL OF SEX-LETHAL IN THE SOMATIC SEX 
DETERMINATION PATHWAY 
1.7.1 transfonner 
This gene was discovered as a result of a recessive mutation (tra) causing 
chromosomal females to 'develop somatically as pseudomales (with male 
characteristics; Sturtevant, 1945, In: Baker and Belote, 1983) suggesting a role 
for the wild type gene in normal female somatic development (Table 1.1). 
-' - Mutations at tra cause no sexual transformations of germ cells (Marsh and 
Wieschaus, 1978). X-ray induced mitotic recombination in chromosomal females 
to remove wild type tra showed that the tra requirement lasts until just before 
pup ariation (when judging by sex-specific characteristics of the foreleg) or early 
pupal stages (when judging by sex-specific pigmentation of the abdomen), this 
being just before the cessation of cell division in these cells (Baker and Ridge, 
1980). 
The tra gene has been cloned by a chroniosomal walk (Belote et al., 1985), and 
P-element mediated germ line transformation showed that the cloned region 
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could rescue the mutant phenotype of XJX;tra/tra ifies, meaning that the region 
provides wild type tra function (Butler et al., 1986). The tra region gives rise to 
a number of transcripts (Belote et al., 1985; Butler et al., 1986) but mapping of 
cDNAs shows that the tra transcription unit of 2.0 kb gives rise to a 1.0 kb 
female-specific RNA and a 1.2 kb RNA present in both sexes (McKeown et al., 
1987). These two RNAs are produced by alternative splicing of the first intron. 
The non-sex-specific transcript has no long open reading frame, while the 
female-specific transcript indudes a single long open reading frame which 
would encode a basic protein of 211 amino acids postulated to bind to 
polyanions such as nucleic acids (Figure 1.3; Boggs et al., 1987). Transformations 
using P-element constructs in which the tra promoter has been replaced by the 
constitutively active hsp70 promoter still lead to female differentiation in 
otherwise fra females, showing that the sex-specific splicing is independent of 
upstream regulators (Boggs et al., 1987). Fusions of the hsp70 promoter to tra 
cDNAs were used to investigate the effects of the tra transcripts. Expression of 
the non-sex-specific transcript was not sufficient to produce female development 
in tra mutants, whereas expression of the female-specific transcript was 
sufficient for female differentiation. Ectopic expression of the tra female-specific 
transcript in chromosomal males was capable of producing female development 
(McKeown et al., 1988). The sex-specific splicing of tra involves competition 
between two 3 splice acceptor sites and the information for splice site choice 
is contained within the intron itself. In the presence of Sxl activity (as is the 
situation in normal females), both splice sites function; in the absence of Sxl 
activity (as is the case in normal males) only one site functions (Sosnowski et 
aL, 1989). Deletions of the tra default splice acceptor site in males lead to Sxl-
independent use of the female-specific site, whereas deletions of the female 
splice acceptor site in females lead to an increase in unspliced RNA, which 
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would be consistent with a model in which female-specific factors block the 
functioning of the non-sex-specific 3 splice site (Sosnowski et al., 1989). Co-
transfection experiments in which sex-specific cDNAs from Sxl and the h-a gene 
are expressed in Drosophila Kc cells show that it is the Sxl female-specific 
product that acts directly to bring about the female-specific splicing of the 
transformer gene by repressing the use of the non-sex-specific splice site (Inoue 
et al., 1990). The female-specific Sxl protein was overproduced in E. coli and 
shown to bind to h-a RNA containing the non-sex-specific splice site, showing 
that this Sxl gene product is the trans-acting factor regulating alternative 
splicing of the transformer gene (Inoue et al., 1990). 
The position of h-a in the sex determination epistatic hierarchy suggests that it 
acts upon doublesex to bring about the female action of this gene (Figure 1.2). 
The dsx gene has been shown to produce sex-specific transcripts (Baker and 
Wolmner, 1988, see 1.9) and the production of the female-specific transcript is 
dependent on functional h-a and tra-2 genes (Nagoshi et al., 1988). It has also 
been demonstrated at the molecular level that the female mode of h-a expression 
(from the introduction of the hsp70 fusion with the h-a female cDNA) brings 
about, directly or indirectly, the female mode of dsx expression in XY ifies 
(McKeown et al., 1988). Cotransfection experiments in which the dsx gene, the 
female-specific h-a cDNA and the tra-2 cDNAs were expressed in Drosophila Kc 
cells shows that the female-specific splicing of the dsx pre-mRNA is directly 
positively regulated by the products of h-a and tra-2 (Hoshijima et at., 1991). 
1.7.2 transform er-2 
This gene was identified by a mutation causing chromosomal females to 
develop as pseudomales (Table 1.1; Watanabe, 1975) and also affecting 
chromosomal males in that homozygotes do not produce functional sperm. Wild 
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type gene expression was found to be necessary for female somatic 
development at the same time as tra (Section 1.7). Temperature-shift 
experiments using a temperature-sensitive allele, tra2ts,  show that the 
requirement for tra-2 product extends 2-4 days after the transcription of the 
gene for normal female differentiation in the foreleg (Belote and Baker, 1982). 
These temperature-shift experiments suggest that the gene is also required in 
males during the late primary spermatocyte to early spermatid interval for the 
production of functional sperm, meaning that there is a requirement for tra-2 
in correct differentiation rather than determination of the germ line (Belote and 
Baker, 1983). Temperature-shifts of homozygous XX tra-2' individuals 
demonstrate that tra-2 is not simply required at a single time for sex 
determination but may be required for a number of steps in sexual 
differentiation. The induction of tra-2 function even in adult stages of tra-2 
mutants can prevent male courtship behaviour in flies that would normally 
display this behaviour (Belote and Baker, 1987) demonstrating that the tra-2 
gene product has a role in the adult central nervous system. Temperature-shift 
experiments with tra-2 were used to investigate the control of expression of the 
yolk protein genes (see section 1.12.1) which are expressed in the fat body and 
the ovarian follicle cells of adult females. The female-specific expression of the 
yolk protein genes from the fat body, a somatic tissue present in both sexes, 
was seen to be under the continual control of tra-2 and, by extension, the rest 
of the somatic sex determination hierarchy (Belote et al., 1985; Bownes et al., 
1987). In the case of the ovarian fofficle cells, a somatic tissue found only in 
females, tra-2 activity, and therefore that of the somatic sex determination 
hierarchy, was seen to be necessary for the development of the female-specific 
ovarian somatic tissue and perhaps for the initiation of yolk protein gene 
expression, but is not required for the maintenance of this expression (Bownes, 
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Nothiger and Steinmann-Zwicky, unpublished). This has led to the suggestion 
that once a sex-specific tissue has been formed its sex-specific gene expression 
becomes independent of the somatic sex determination hierarchy, while sex-
specific gene expression from a non-sex-specific tissue must be maintained by 
the continual activity of the hierarchy (Figure 1.5). 
The tra-2 region was doned by P-element tagging, and found to encode a 
number of transcripts produced by alternative splicing (Amrein et al., 1988, 
Amrein et al., 1990). There are two transcripts which are present in the RNA of 
male and female ifies, differing in their abundance and the presence (Tmin) or 
absence (Tmaj) of one exon. Two additional transcripts (msTmin and msTmaj) 
have been shown to be specific to the RNA of the male germ cells and are only 
present in fertile males (Amrein et al., 1990). Tmaj encodes a 264aa protein 
whereas Tmin and msTmaj encode proteins truncated at the N-terminus. All 
three predicted proteins contain a stretch of approximately 90 amino adds, the 
ribonucleoprotein motif (RNP motif), which shows similarity to a variety of 
different ribonucleoproteins (Amrein et al., 1988, Goralski et al., 1989, Amrein et 
al., 1990). Transformation studies with a cDNA corresponding to Tmaj show 
that it is sufficient for female sex determination and male fertility (Amrein et al., 
1990). 
The absence of a female-specific transcript makes it unlikely that tra-2 
expression is controlled by tra which is only active in females, so tra-2 has been 
proposed to hold a position on a side branch of the sex determination hierarchy 
(Figure 1.2). The female mode of action for tra-2 could therefore involve an 
interaction with a transcript from another gene, possibly tra, which does show 
sex-specific expression. This is supported by the cotransfection experiments 
(Section 1.7) in which both tra and tra-2 expression are required for female-
specific dsx splicing in Drosophila Kc cells (Hoshijima et al., 1991). In addition ti-a- 
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Figure 1.5: The role of the sex determination genes in the control of sex-specific 
expression in sex-specific versus non sex-specific tissue. 
(Reproduced from Wolfner, 1988). 
The sex determination genes act to specify the formation of sex-specific tissues. 
Expession of sex-specific transcripts from these tissues has been shown to be 
independent of the sex determination genes and may be better described as tissue-
specific expression. Sex-specific gene expression from a non-sex-specific tissue must be 
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2 protein produced in E. coli has been shown to bind specifically to a site within 
the female-specific exon of the dsx pre-mRNA which is required for female-
specific splicing and female-specific polyadenylation (Hediley and Maniatis, 
1991). 
The male gerniline-speciflc transcripts msTmin and msTmaj differ only in the 
presence or absence of one exon, Ml. Specific tra-2 products have been shown 
to repress Ml splicing in the male germline and this could possibly demonstrate 
a negative autoregulatory control of tra-2 activity during spermatogenesis 
(Mattox and Baker, 1991). 
1.7.3 doublesex 
Null mutations at the dsx locus cause chromosomal males and females to 
develop as true intersexes, showing that the gene has roles in male and female 
development (Hildreth, 1965). Dominant mutations such as doublesex-Dominant 
(dsx") (Fung and Gowen, 1957) and doublesex-Masculiniser (dsx) (Mischaikow, 
1959, In: Baker and Belote, 1983; Baker and Ridge, 1980) affect only 
chromosomal females, causing them to develop as true intersexes and showing 
that the male and female roles of dsx can be separated (Table 1.1). Screens for 
new dsx mutations tend to isolate a large number of mutations affecting both - 
sexes and fewer mutations with male-specific or female-specific effects (Nothiger 
et al., 1987) which suggests that the male and female dsx elements share a 
considerable amount of sequence and led to predictions of sex-specific RNAs 
resulting from alternative pre-mRNA splicing as found for the Sxl and tra genes 
(Sections 1.4.4 and 1.7; Figure 1.3). The differential activity of dsx appeared to 
mediate either male or female terminal differentiation (Baker and Ridge, 1980). 
This is supported, and the theory extended, by observation of the genital 
primordia in intersexes produced by null dsx mutations. From the genital 
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precursors which are present in both sexes normally only one develops 
according to the sex of the individual, but in these dsx intersexes both genital 
primordia develop. This supports the theory that a male dsx function normally 
represses female development of, for example, the genitalia, but that this 
repression is absent in the mutant intersexes; and that a female dsx function 
normally represses male development, but that this repression is absent in the 
mutant intersexes (Baker and Belote, 1983). The genetic and molecular evidence 
is consistent with a model for the ground state of dsx activity (in the absence 
of tra and tra-2 products) being the male mode of expression repressing female 
development (Baker and Ridge, 1980; Belote and Baker, 1983; Nothiger et al., 
1987; Nagoshi et al., 1988). It is postulated that the dsx product(s) act as the final 
step in the sex determination pathway by controlling the expression of sex-
specific differentiation genes (Figure 1.2). 
dsx was cloned by a chromosome walk and the active region was defined by 
breakpoints.in rearrangements affecting dsx activity (Baker and Wolfner, 1988). 
Fragments from this region used to probe Northern blots revealed multiple, 
overlapping transcripts, some of which were seen to be sex-specific (Baker and 
Wolfner, 1988). During the larval stages, two non-sex-specific transcripts of 1.6 
and 2.8 kb were observed (Baker and Wolfner, 1988) which are replaced in the - 
pupal stages by two male-specific transcripts of 2.9 and 3.9 kb and a female-
specific transcript of 3.5 kb (Baker and Wolfner, 1988; Nagoshi et al., 1988; Burtis 
and Baker, 1989). In adults the sex-specific transcripts persist at low levels and 
in addition a male-specific transcript of 0.7 kb appears (Baker and Wolfner, 
1988). 
cDNAs corresponding to the sex-specific transcripts were sequenced and 
compared with the genomic DNA which demonstrated that they originate from 
a common precursor that is alternatively spliced and polyadenylated to produce 
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male-specific and female-specific transcripts (Burtis and Baker, 1989). The two 
male-specific RNAs differ only as a result of the use of alternative poly(A) sites 
in the last male-specific non-coding exon. The male-specific and female-specific 
RNAs share their 5' ends and three common exons but possess alternative sex-
specific 3' exons; they therefore encode polypeptides with a common N-
terminus, sharing 397 amino adds, but having unique C-termini of 152 aa in 
males and 30 aa in females (Figure 1.3; Burtis and Baker, 1989). 
The éontrol of sex-specific splicing in dsx has been elucidated by the molecular 
characterisation of mutations which eliminate the female dsx function and cause 
constitutive expression of the male dsx function such as dsx' and dsx. These 
mutations act in cis to disrupt pre-mRNA splicing so that male-specific splicing 
occurs irrespective of chromosomal sex. The rearrangements responsible for 
these mutations are within the female-specific exon, and do not affect the 
female-specific splice sites or intron. This means that sequences within the 
female-specific exon are necessary for the regulation of sex-specific RNA splicing 
and suggests that this regulation is by promotion of the use of the female-
specific splice acceptor, rather than by repression of the use of the male-specific 
splice acceptor (Nagoshi and Baker, 1990), in contrast with observations for Sxl 
and tra (Bell et al., 1988; Sosnowski et al., 1989; Inoue et al., 1990). Loss-of-
function mutations of tra or tra-2 in chromosomal females result in the male-
specific pattern of splicing in dsx (Nagoshi et al., 1988) which suggests a role for 
these genes in the promotion of female-specific dsx splicing. Also, observation 
of dsx transcripts in temperature-shift experiments on tra-2ts mutants shows that 
the sex-specific splicing of dsx pre-mRNA is under the continual influence of 
tra-2 product in order to maintain the sexually differentiated state of the adult 
(Nagoshi et al., 1988). This has been supported by cotransfection experiments 
in which tra and tra-2 expression are necessary for dsx female-specific splicing 
27 
in Drosophila Kc cells (Hoshijima et al., 1991) and by the observation that the tra-
2 protein produced in E. coli binds specifically to a site within the female-specific 
exon of dsx necessary for female-specific splicing and polyadenylation (Hedley 
and Maniatis, 1991). 
The predicted proteins from the sex-specific transcripts have no obvious 
similarities to other known genes except in the presence of stretches of repeated 
amino acids, which has been noted in several Drosophila regulatory proteins. 
However, P-element transformation of dsx cDNAs under the control of an actin 
promoter produces sex-transforming effects, confirming that these• gene 
products are responsible for the dsx role in sex determination (Burtis and Baker, 
1989). The mechanism by which they act upon sex-specific differentiation is not 
known, but it has been shown that the dsx product is necessary in male ifies 
to prevent expression of at least one set of female-specific differentiation genes, 
those encoding the yolk proteins (Ota et al., 1981; Bownes and Nothiger, 1981). 
It has recently been reported that both male-specific and female-specific dsx 
proteins bind specifically in vitro to sequences which control the expression of 
the yolk protein genes ypi and yp2 which supports a direct action of dsx proteins 
on differentiation genes without clarifying the sex-specific nature of this action 
(Burtis et al., personal communication). The male and female dsx products 
appear to interact antagonistically, in that chromosomally female ifies carrying 
one copy of the dsx wild type gene (producing the female-specific product) and 
one copy of the dsx" mutant gene (producing the male-specific product) develop 
the same intersexual phenotype as is seen with null mutations. This antagonism 
does not occur at the level of RNA synthesis or processing and so must be a 
result of a protein interaction (Nagoshi and Baker, 1990). 
The fact that sex-specific transcripts are not observed until pupal stages was 
unexpected because genetic studies show that the tra-2 function is required for 
female genital differentiation as early as the second larval instar, and it had 
been predicted to act upon dsx expression in the sex determination hierarchy. 
However, it could be that the dsx sex-specific transcripts are only present in a 
small number of cells at these early stages and are undetectable in Northern 
analysis (Baker and Wolmner, 1988). The low levels in adults could be explained 
in the same way by limitation of the sex-specific transcripts to tissues such as 
the female fat body in which yolk protein gene expression is known to be 
under the continual control of the sex determination hierarchy (Belote et al., 
1985). 
The larval non-sex-specific transcripts appear to result from differential splicing 
of a common pre-mRNA. These transcripts may be without function (as 
postulated for the Sxl and tra non-sex-specific transcripts) because chromosomal 
rearrangements affecting their coding region as well as that of the sex-specific 
transcripts have no more effect than rearrangements affecting only the coding 
regions of the sex-specific transcripts (Burtis and Baker, 1989). 
DNA from the doublesex region was shown to hybridise with other genoniic 
fragments under low stringency conditions, and a screen of a Drosophila 
melanoaster genomic library (Marüatis et al., 1978) was used to isolate seven 
doublesex cognate sequences (dsc's), each mapping to a unique autosomal location 
(Belote et al., 1985). They are all well conserved across the Drosophila genus, but 
none show sex-specific expression patterns and their function is unknown 
(Belote et al., 1985). 
1.7.4 intersex 
Mutations at this locus cause chromosomal females to develop as true 
intersexes, showing a role for the wild type gene function in female sex 
determination (Table 1.1), but there are no obvious effects in chromosomal 
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males (Morgan et al., 1943, In: Baker and Belote, 1983). There has been a 
suggestion that the ix gene product has a role in pheromone production in 
males as male ifies homozygous for a loss-of-function allele of ix were observed 
to elicit more courtship from other males than would be expected (Tompkins, 
1986). However, attempts to reproduce these results have been negative (Chase 
and Baker, unpublished). The position of the intersex gene in the sex 
determination hierarchy is uncertain. The induction of female differentiation by 
the hsp70-tra female cDNA fusion is dependent on the presence of a functional 
ix gene (McKeown et al., 1988), showing that it is downstream of tra in the 
hierarchy. It has been assumed to act either in conjunction with the dsx gene 
product or downstream of dsx to produce female differentiation because in ix 
intersexes the dsx gene is only expressed in its female mode (Nagoshi et al., 
1988), showing that ix is not required upstream for the control of dsx expression 
(Nagoshi et al., 1988). The recent reports that both male-specific and female-
specific dsx proteins bind to control sequences of the differentiation genes ypi 
and yp2 would be consistent with a model in which the differences between the 
dsx proteins allowed or prevented an interaction with another protein such as 
the ix product which would result in sex-specific control of gene expression 
(Figure 1.2; Burtis et al., personal communication); 
1.8 GENES INVOLVED IN GERM LINE SEX DETERMINATION AND 
DIFFERENTIATION 
1.8.1 Genes Involved in Germ Line Sex Determination 
Transplantation experiments have shown that XY germ cells have cell 
autonomous sex determination, as they can enter spermatogenesis within a host 
testis or ovary. However, a surrounding male soma is required for full 
differentiation to produce functional gametes. In the case of XX germ cells, sex 
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is determined by the sex of the surrounding soma, as they enter 
spermatogenesis when transplanted into a host testis. However, the 
surrounding male soma cannot induce the differentiation required for the 
production of functional sperm. This is reviewed in PaulIand Mahowald, 1990. 
It seems then that there are a number of developmental stages in germline sex 
determination. The roles of the X:A ratio and the Sex-lethal gene have been 
discussed, but there must be other genes involved in the process. Several genes 
in which female-sterile mutations produce an "ovarian tumor" phenotype have 
been implicated in germ line sex determination because the "tumors" produced 
appear as large cysts composed of small, undifferentiated cells resembling 
spermatocytes. This phenotype is produced by mutations in the genes: ovarian 
tumor (otu), strong alleles of which have no germ cells (King et at., 1986); ovo 
alleles, which cause germ cell death starting at gastrulation (Busson et at., 1983); 
fused (fu; King, 1970); the fri and fr3 alleles of Sxt; fs(1)1621; and bag-of-marbles 
(barn) which affects both male and female gonads (McKearin and Spradling, 
1990). The ovarian tumors produced by Sxl, fs(1)1621 and otu mutations have 
been shown to express genes, such as Stel late, that are normally active only in 
male germ cells, suggesting that these tumor cells have indeed entered the 
spermatogenic pathway (Steinmann-Zwicky et at., 1989). 
ovo mutations have been shown to be germline dependent and double mutation 
combinations between mutations of ovo and the germline dependent mutations 
of Sxl suggest that ovo acts upstream or independently of Sxl in germline sex 
determination (Figure 1.6; Oliver et at., 1990). As ovo shows a synergistic 
interaction with fs(1)1621 consistent with their action in a single germline sex 
determination pathway and fsC1)1621  acts upstream of Sxl (Steinmann-Zwicky, 
1988) then ovo presumably acts upstream of Sxl (Oliver et at., 1990). However, 
suppression of ovo mutation effects by somatic line dependent Sxl mutant alleles 
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Figure 1.6: Speculative model for germ line sex determination. 
(Adapted from Pauli and Mahowald, 1990). 
The X:A ratio is the primary determinant for germ line sex determination, the (?) refers 
to the fact that numerator elements equivalent to the somatic sis-a and sisb loci have 
not been identified in the germ line. 
The genes ovo, fs(1)1621, Sex-lethal and ovarian tumor (otu) are known to act in germ 
line sex determination. Uninterrupted arrows indicate known genetic interactions, 
interrupted arrows indicate possible interactions, though this does not mean that the 
interactions are necessarily direct 
Somatic signals are also known to have an effect in germ line sex determination. 
The germ line sex determination genes are required for correct oocyte production, but 
it is not known whether the production of sperm is the default state. 
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suggest that the role of ovo in germline-specific processes is affected by signals 
provided by the soma (Oliver et al., 1990). 
The ovo gene has been shown to encode two transcripts of 5.0 kb and 4.8 kb 
which are expressed in male, female carcass and ovary RNA, the 5.0 kb 
transcript being enriched in the ovary RNA. This ovarian expression can be 
detected from stage 8 of oogenesis in the nurse cells reaching high levels in 
stage 10 nurse cells where the transcript is mainly found in the cytoplasm. At 
later stages of oogenesis low levels of the transcript are retained in the nudei 
of the degenerating nurse cells, but the majority is transferred to the oocyte. 
The transcript is found to persist into the early embryo where it is abundant 
and homogeneous until the cellular blastoderm stage at which levels drop and 
the transcript can only be detected in the - stem cells. The transcript 
disappears completely at early gastrulation. The predicted product for ovo 
includes a zinc finger motif which suggests a role for the gene product in 
regulation of transcription required for female germ line maintenance and 
gametogenesis (Mevel-Nirüo et al., 1991). 
The position of otu in the model for germ line sex determination (Figure 1.6) is 
unclear as this gene appears to be required at several stages of oogenesis 
(Storto and King, 1988). otu is expressed specifically in developing egg chambers 
and in the testis (Mulligan et al., 1988) though there is no evidence for a 
function in the testis (Steinhauer et al., 1989). Another gene, bag-of-marbles (barn), 
with a similar expression pattern to otu and the predicted product of which 
shows weak but significant similarity with the otu product, probably does have 
a role in both sexes. Null alleles of barn bring about the production of abnormal 
cysts in the gonads of males and females suggesting a role for the gene in 
gametogenesis in both sexes, possibly in germ line differentiation rather than 
sex determination (McKearin and Spradling, 1990). 
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1.8.2 Gonadal differentiation 
Once Sxl has set the male or female mode of expression of genes required for 
dosage compensation, somatic sex determination and germ line sex 
determination, it is the sex-specific expression of differentiation genes which 
brings about sexual dimorphism. In the non-gonadal somatic tissues which are 
found in males and females sex-specific gene expression is required for the 
sexual dimorphism observed in adult Drosophila and this sex-specific gene 
expression may be under the continual control of the somatic sex determination 
hierarchy (Section 1.8; Figure 1.4). In gonadal somatic cells and germline cells 
this sex-specific gene expression may be better described as tissue-specific gene 
expression in a tissue which is sex-specific (Figure 1.5). 
The genes required for development of the ovary or testis and the production 
of the appropriate gametes must make up a large proportion of those genes in 
Drosophila with.sex-specific expression. 
1.83 Development Of The Ovary And Oogenesis 
During the earliest stages of embryogenesis a cluster of pole cells is formed at 
the posterior tip of the Drosophila embryo (reviewed by Fullilove and Jacobson, 
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1978). These pole cells are carried into the embryo during gastrulation, and 
of them come together to form the embryonic gonads. The gonads consist of 
two cell types; large germ cells and the small somatic cells which will form the 
fofficle (King, 1970; Mahowald and Kambysellis, 1980). The gonads grow 
throughout larval and pupal stages and eventually develop to form the adult 
ovaries. The other adult genital structures in the female (the two lateral 
oviducts, the common oviduct, the uterus, the two spermatothecae, the two 
accessory glands, the seminal receptacle, the vagina and the external genitalia) 
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derive from the single genital imaginal disc (Poodry, 1979). During larval and 
early pupal stages the genital disc has no direct connections with the gonads, 
the development of both structures proceeds independently of the other. 
Shortly after puparium formation the genital disc begins to differentiate and 
cells from the developing lateral oviducts form connections with the ovaries, 
which have already entered the developmental processes necessary for 
production of mature adult ovaries. Drosophila melanogaster falls into the dass 
of insects in which the first ovarian follides are formed during pupal stages 
although vitellogenic oocytes do not appear until 9 hours after eclosion 
(Mahowald and Kambysellis, 1980). 
Drosophila melanogaster ovaries are made up of 10-20 ovarioles lying in parallel, 
which consist of egg chambers at various stages of development (Figure 1.7, 
Panel A). The process of oogenesis begins in the germarium when an 
embryonic stem cell undergoes four mitoses to produce an oocyte and 15 nurse 
cells. Before leaving.the germarium this cluster of germ line cells is surrounded 
by a layer of 80 somatic cells, the fofficle cells and it is this grouping of an 
oocyte, its 15 nurse cells and the surrounding monolayer of fofficle cells which 
is termed an egg chamber. A convenient staging system for oogenesis has been 
- developed based upon the size and appearance. of the egg chambers (King, 
1970; Figure 1.7, Panel B). The egg chambers at the earliest stages of oogenesis 
are located at the anterior tip of each ovariole, the germarium, while more 
mature egg chambers are located to the posterior approaching the oviduct. 
After leaving the germarium the nurse cells undergo DNA replication and 
polytenation. Autoradiography of nurse cells following the incorporation of 
radioactive precursors into RNA shows that it is these cells that synthesise 
nearly all of the RNA contained within the mature egg cell, very little RNA is 
synthesised by the oocyte nucleus. Maternally derived RNAs have been shown 
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Figure 1.7: The internal reproductive system of an adult female Drosophila 
melanogaster. 
(Reproduced from S. Liddell, PhD thesis). 
Panel A: The Drosophila ovary and associated tissues. 
Drosophila melanogaster ovaries are made up of 10-20 ovanoles lying in parallel. Two of 
the ovarioles are depicted separately from the ovary to demonstrate that they consist 
of egg chambers at various stages of development. Sperm are stored in the seminal 
receptacle and in the paired spermathecae. The uterus is depicted as expanded and 
containing a fertilized egg. 
Panel B: The stages of oogenesis represented within the ovary. 
A diagammatic representation of the oogenic stages found within the ovary, from the 
germarium (C), through stages 1 - 14. (Magnification approximately X 50). 
o = oocyte, 
fc = fofficle cells, 
nc = nurse cells, 
dnc= degenerating nurse cells, 
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to be essential, for example, in setting up the positional information necessary 
for correct egg development (Section 1.17). The nurse cells also synthesise 
proteins, glycogen and lipid droplets which are taken up by the developing 
oocyte to form the yolk, and this brings about a dramatic increase in oocyte 
volume. The synthesis and accumulation of yolk is termed vitellogenesis and 
takes place throughout stages 8-10 of oogenesis, after which the nurse cells 
begin to degenerate. At stage 11 of oogenesis the fofficle cells migrate to form 
a layer between the oocyte and the degenerating nurse cells, and begin to 
secrete protective layers around the oocyte. These fofficle cells eventually form 
the vitelline membrane, chorion and chorionic appendages (Mahowald and 
Kambysellis, 1980). 
Mature eggs pass from the ovaries into the common oviduct. If mating has 
occurred then the female will have sperm stored in the seminal receptacle and 
fertilisation can proceed. The fertilised egg passes into the uterus and through 
the vulva for oviposition. 
1.8.4 Development Of The Testis And Spermatogenesis 
The pole cells of the mature Drosophila egg are internalised at gastrulation and 
most of them come together to form the embryonic gonads which will become 
the pair of adult testes. In addition to the germ cells the larval testes contain 
three types of somatic elements; the apical and interstitial cells (anterior), and 
the canal or terminal cells (posterior). At the time of hatching of the first instar 
larvae there are already spermatogonia present in the primordial testis. 
During pupal development the male genital disc develops into the external and 
internal genitalia (including seminal vesicles, accessory glands, and ejaculatory 
duct), and the genital disc forms projections, the presumptive seminal vesicles, 
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which fuse with the testes and stimulate testis elongation (Lindsley and 
Tokuyasu, 1980) 
At the apex of the testis single gonial cells are produced from a small group of 
stem cells. Each gonial cell undergoes 4 mitotic divisions to produce a cyst of 
16 interconnected primary spermatocytes. These enter a growth phase before 
undergoing 2 meiotic divisions to produce cysts of 64 interconnected spermatids 
which develop synchronously into spermatozoa. As development proceeds these 
cysts are displaced by the generation of new groups of spermatocytes at the 
apex. Thus, the testis contains cysts at various stages of spermatogenesis. 
Mature spermatozoa are transferred into the seminal vesicles where they are 
stored. For mating the spermatozoa are transferred into the ejaculatory duct, 
into which also feed the accessory glands. Accessory gland fluid is required for 
transmission of sperm to the female during mating and contains components 
which stimulate oviposition by the female (e.g. Sex Peptide, Chen et al., 1988; 
Section 1.15.1). 
1.9 SEARCH FOR GENES WITH SEX-SPECIFIC EXPRESSION 
Identification and characterisation of genes expressed in a sex-specific manner 
will give an insight into the specific differences in morphology and biochemistry 
between the sexes, and the mode of control of the sex determination genes (and 
possibly other factors) over this sexually dimorphic differentiation. 
Some abundant sex-specific gene products were already known, such as the 
yolk proteins and chorion proteins, which made it possible to isolate the 
appropriate tissue- and stage-specific transcripts and thereby identify those 
genes encoding them. Other genes with sex-specific expression were identified 
purely by chance, but direct cloning strategies were required for the 
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identification of the large numbers of genes expected to exhibit sex-specific 
expression. 
Mutations affecting genes involved in differentiation or maintaining the 
differentiated state would not be expected to have extreme effects on Drosophila 
morphology or survival in the same way as mutations in determination genes, 
and would therefore not be identified in mutational screens. A widely used 
approach to the doning of genes with sex-specific expression was the use of 
differential screening, where genes are isolated as a result of being differentially 
expressed, in this case in either male or female Drosophila. The identification and 
characterisation of some of these genes is still at an early level and the roles of 
their protein products unknown. 
1.10 FEMALE-SPECIFIC DIFFERENTIATION GENES WHOSE PROTEIN 
PRODUCTS WERE ALREADY KNOWN 
1.10.1 Yolk Protein Genes 
The majority of proteinaceous yolk in the ovaries of Drosophila melanogaster is 
made up of three polypeptides, the yolk proteins, YP1, YP2 and YP3 which are 
synthesised in the adult female fat body and the ovarian follicle cells which 
surround the developing oocytes (Bownes and Hames, 1978; Brennan et al., 
1982). They are secreted from the fat body into the haemolymph, and from the 
follicle cells probably into the interfollicular spaces (Brennan et al., 1982) and are 
selectively taken up into the oocytes by receptor mediated endocytosis 
(Mahowald, 1972; Giorgi and Jacob, 19771; 19772; and 1977). Poly (A) RNA 
from female flies used in in vitro translation was shown to produce polypeptides 
comparable to the yolk proteins and size selection was used to semi-purify the 
presumptive yolk protein, gene transcripts. A differential cDNA screen of a 
Drosophila genoniic library (Maniatis et al., 1978) using this RNA fraction from 
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females versus male RNA identified a number of genomic dones found to 
represent three single copy genes on the X-chromosome (ypi, yp2 and yp3) 
encoding the three yolk protein polypeptides (Barnett et al., 1980). In situ 
hybndisation to larval salivary gland chromosomes localised the ypl and yp2 
genes to the 8F-9A region of the X-chromosome, and the yp3 gene to the 12B/C 
region more than 1000 kb away (Barnett et al., 1980; Bownes, 1982 1). yp1 and 
yp2 are separated by an intergenic region of only 1.2 kb and are divergently 
transcribed (Hung et al., 1982). All three have been sequenced (Hung and 
Wensink, 1981, 1983; Hovemann et al., 1981; Garabedian et al., 1987; Yan et al. 
1987) showing that there is considerable cross homology between the three 
genes, particularly between ypl and yp2 (Hung et al., 1982). Northern analysis 
and RNA protection studies identified transcripts of 1.6 kb from ypi, 1.6 kb and 
1.67 kb from yp2 and 1.54 kb from yp3 (Hung et al., 1982). These transcripts 
appear in the female fat body and ovarian follicle cells soon after eclosion, the 
levels building up and reaching a plateau after 24 hours (Barnett and Wensink, 
1981). 
The synthesis of the yolk proteins is tissue-specific, sex-specific and is also 
affected by factors such as hormones and nutrition. The level of control on the 
expression of the yp genes to bring about this specificity and it's mechanism 
have been studied in a number of ways including physiological experiments, 
genetic manipulations and in vivo expression studies on deletion and 
substitution variants of yp genes in P-element mediated transformation 
experiments (Spradling and Rubin, 1982; Rubin and Spradling, 1982). In the 
transformation experiments transformed and endogenous yp expression can be 
distinguished in a number of ways e.g. tagging transcripts with a fragment of 
M13 DNA (Garabedian et al., 1986), truncating the ypl gene (Tamura et al., 
1985), fusing putative control sequences to reporter genes such as a hsp7O/lacZ 
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fusion (Garabedian et al., 1986) and using mutant strains in which endogenous 
yp2 is not synthesised (Tamura et al., 1985). 
The effect of the somatic sex determination hierarchy on YP synthesis in the 
female fat body was investigated in temperature shiff experiments using ifies 
homozygous for the tra-2 mutation and demonstrated that the tra-2 gene 
product was necessary in the adult for initiation of YP synthesis (Belote et al., 
1985) and maintenance of YP synthesis in the fat body (Bownes et at., 1987). 
Observation of yp  mRNAs indicated that this continual control by the tra-2 
gene product (and by extension the somatic sex determination hierarchy) was 
at the level of yp transcription or transcript stability (Belote et al., 1985). A ypl-
Adh fusion gene including 890bp of ypl 5 flanking DNA was used in P-
element mediated transformation of Ad/i minus ffies and produced a stage-, sex-
and fat body-specific pattern of Adh activity characteristic of the yolk protein 
genes. The sex-specific effect was seen to be due to the sex determination 
hierarchy because no Adh activity was found when the construct was 
transformed into .chromosomal females which develop as pseudomales as the 
result of a dominant dsx mutation (dSXD)  (Shirras and Bownes, 1987). 
Germline transformation results indicate that sequences necessary for the 
correct sex-, stage- and tissue-specificity of ypi and yp2 fat body expression are 
contained within a 125 fragment of the intergenic region (Garabedian et at. 
1985; Tamura et al., 1985; Garabedian et at. 1986; Figure 1.8). The effects of this 
element are not dependant on orientation, therefore it fits the description of an 
enhancer and has been termed fat body enhancer (FBE). Gel mobility shift 
assays using dsx proteins overexpressed in E. coli and DNase I footprinting 
assays have shown that both male and female dsx protein products bind 
specifically to this fat body enhancer sequence (Burtis et al., personal 
communication) showing a direct interaction between the somatic sex 
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Figure 1.8: Diagram of the regulatory elements governing expression of yolk proteins 
1 and 2 (YP1 and YP2). 
(Reproduced from Slee and Bownes, 1990). 
YP1 and YP2 are separated by an intergenic region of 1.2 kb and are divergently 
transcribed. Regulatory elements for YI'l and YP2 have been mapped within the genes 
and within the intergenic region. 
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The identification of control elements for yp3 fat body expression is still in it's 
early stages, but a 22 bp sequence from within the 125 control region for fat 
body expression of ypi and yp2 shows considerable homology to a sequence 
downstream of yp3 and part of this sequence also shows homology to a 
sequence 5 of the Larval Serum Protein 2 (LSP2) gene which is expressed in 
the fat body of larvae and adults. This could indicate some co-regulation of the 
four genes and this is supported by the discovery of a mutation, ericklet (cit) 1 in 
which there are reduced levels of the three YPs and LSP2 in adult ifies (Shirras 
and Bownes, 1989). 
Ovarian expression of the yps is dependent on oogenesis proceeding to those 
stages at which the yps are expressed. This requires the presence of a germline, 
as shown in experiments :with germlineless progeny of tudor females 
(DiBenedetto et al., 1987) but expression is not under continual control of the 
somatic sex determination hierarchy. In germline transformation experiments 
a fragment from the intergenic region other than that containing the FBE was 
found to be necessary for the correct ovarian expression of ypl and yp2 
(Garabedian et al., 1985; Tamura et al., 1985; Figure 1.8) and has been named 
ovarian enhancer 1 (oel), though it is somewhat affected by position. Expression 
pattern changes from alterations in oel have been explained as the result of an 
enhancer made up of different segments having positive or negative effects on 
the cell type specificity of transcription (Logan and Wensink, 1990). It could 
perhaps be related to the regulatory system proposed for chorion gene 
expression in follicle cells where sets of closely linked positive and negative cis 
regulatory factors seem to dictate the precise temporal specificity of chorion 
gene expression (Section 1.14.2). 
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A second 102 bp region affecting ovarian yp expression has been identified 
within the first exon of yp2 (Figure 1.8) and has been named ovarian enhancer 
2 (oe2). This region includes a 9 nucleotide segment with homology to a 
segment of oel and a sequence from yp3. And adjacent to this is a 12 nucleotide 
segment with homology to a different sequence from yp3. The oe2 region as a 
whole also has homology with the ecdysone response element hsp27 (Logan 
and Wensink, 1990). 
Nutritional effects on the yolk proteins are reflected in a decrease in egg laying 
in starved females which has been shown to be due to a reduction in the level 
of yp transcripts (Bownes and Blair, 1986). In transformation experiments an 
element responsible for the nutritional control of yp gene expression has been 
shown to be present within the 890 bp 5 of ypl (Bownes et at., 19881)  though 
this has yet to be further defined (Figure 1.8). 
The insect juvenile hormone ON has been shown to stimulate synthesis of the 
YPs (Postlethwait and Handler, 1979) both from the fat body and the ovary 
(Jowett and Postlethwait, 1980). This control has been demonstrated to be at the 
level of yp transcription or transcript stability, as starved flies with reduced YP 
levels if treated with JH show raised yp transcript levels (Bownes and Blair, 
1986; Bownes et al., 19881). The role of jH in control of normal yp gene 
expression is uncertain as the amounts of JH required for the above 
experimental effects are not of physiologically observed levels. 
Another insect hormone, 20-hydroxyecdysone, causes an increase in YP levels 
(Jowett and Postlethwait, 1980). In starved females it gives raised yp mRNA 
levels (Bownes and Blair, 1986) and in normally fed females treated with 20-
hydroxyecdysone the yp mRNA levels are higher (Bownes et al., 1983). This 
hormone only affects the yp mRNA levels in the fat body, not those in the 
ovary (Bownes etal., 1983). However, again the amounts of 20-hydroxyecdysone 
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required for these experimental effects are not of physiologically observed 
levels. It has been shown that 20-hydroxyecdysone can induce yp expression in 
males (Postlethwait and Jowett, 1980; Bownes et aL1983) but the cis element 
involved in this ecdysone effect has not been identified within the ypl-yp2 
intergeruc region nor within the genes themselves (Shirras and Bownes, 1987; 
Shirras, Bownes and Wensink, personal communication). 
Another possible factor in expression of ypl is the presence within the gene of 
a binding site for a protein referred to as YPF1 (Figure 1.8; Mitsis and Wensink, 
19891) a heterodimer which is postulated to be an activation protein (Mitsis and 
Werisink, 19892). 
1.10.2 Chorion Protein Genes 
The chorion, a protective covering for the Drosophila egg, is laid down at a late 
stage of oogenesis (King, 1970; Figures 1.7 and 1.9). A study on follicular RNA 
during oogenesis showed that through most stages of oogenesis the poly A 
RNA being produced by the follicle cells was heterogeneous, but that in the 
post-vitellogenic stages (oogenic stages 11-early 13) there were two size-classes 
of abundant non-mitochondrial poly A RNA. As this is the stage at which the 
production of endochorion and exochorion occurs, it was assumed that this was 
RNA from the chorion protein genes (Spradling and Mahowald, 1979). This was 
supported by the observation that these abundant size-classes of RNA 
hybridised to two locations on polytene chromosomes, near one of which 
mapped the ocelliless gene, mutations in which were shown to cause an 
abnormal chorion structure due to an underproduction of chorion protein 
(Spradling et al., 1979). Further support came from the production of four 
classes of cDNA clones from these poly A' RNAs whose in vitro translation 
products were of comparable sizes with observed chorion proteins (Spradling 
Figure 1.9: Stages of oogenesis and early embryogenesis in Drosophila melanogaster 
indicating the stage at which there is a switch from reliance on the maternal 
contribution of RNA to zygotic expression. 
(Reproduced from NUsslein-Voffiard, 1991). 
Panel A: Fofficle at an early stage of oogenesis. 
Panel B: Follicle at stage 10 of oogenesis. 
Panel C: Freshly laid egg. 
Panel D: Syncytial blastoderm stage embryo approximately 2 hours after egg 
deposition. At this stage transcription of the zygotic genome begins. 
Panel E: Cellular blastoderm stage, the first cellular stage of the embryo. 
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et al., 1980). There was considerable sequence homology between the four 
dasses (Griffin-Shea et al., 1980). Two of the dasses hybridised to site 7E11-7F1-2 
on the X chromosome, while the other two hybridised to site 66D15 on 
chromosome 3 (Spradling et al., 1980; Griffin-Shea et al., 1980). Studies showed 
that these chorion genes were amplified more than ten-fold in the DNA of late-
stage egg chambers (Spradling and Mahowald, 1980). The transcripts from 
genes s36 and s38 of the X-linked chorion duster appear early in choriogenesis 
while thoe from genes s15, s16, siB and s19 of the chromosome 3 cluster 
accumulate at various overlapping late periods and there are minor chorion 
genes which are expressed in a more localised manner. Transformation analysis 
shows that the correct tissue and temporal expression of at least some of these 
genes is controlled by positive and negative cis regulators (e.g. Wong et al., 
1985; Mariani et al., 1988; Romano et al., 1988; Tolias and Kafatos, 1990). 
111 MALE-SPECIFIC GENES WHOSE PROTEIN PRODUCTS WERE ALREADY 
KNOWN 
1.11.1 Sex-Peptide (SP): Chen, P.S., Stumni-Zollinger, E., Aigaki, T., Bahner, J., Bienz, 
M. and Bohier, P. (1988). 
Mating elicits characteristic responses in Drosophila melanogaster females: they 
are unreceptive to courting males and begin ovulation and oviposition (e.g. 
Chen, 1984). More than 40 secreted polypeptides were observed in paragonial 
fluid (Chen, 1984), two enzymes from the ejaculatory duct had previously been 
identified: glucose dehydrogenase (Cavener, 1980; Cavener et al., 1986) and 
esterase-6 (Richmond et al., 1980), both enzyme activities being transferred to 
the female during mating, but with no documented effect on female behaviour. 
Chen et al. (1988) identified a new component of the seminal fluid, the Sex-
Peptide (SP), which was isolated from seminal fluid and shown to induce post- 
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mating behaviour in injected females. The amino acid sequence was determined 
and used as the basis for an oligonucleotide-directed cDNA cloning strategy. 
This SP-cDNA was fused to the hsp7O heat-shock promoter and used in F-
element-mediated transformation experiments. Heat-shock of germline 
transformed virgin females induced the characteristic post-mating responses 
showing that this cDNA does encode the peptide responsible for this effect 
(Kubli et al., 1990, personal communication). Screening of a Drosophila 
melanogaster genomic library identified the gene encoding the Sex-Peptide which 
is single copy and maps to chromosome site 70A. The gene was shown to 
encode a 300 bp RNA expressed specifically in male paragonial glands (Chen et 
al., 1988). 
1.12 CHANCE IDENTIFICATION OF GENES WITH SEX-SPECIFIC EXPRESSION 
1.12.1 The janus Region 
Probes adjacent to the 'serendipity (sry) locus (chromosomal location 99D) were 
found to hybridise with RNAs showing sex-specific expression (Yanicostas, 
1989). The region was named Janus and found to comprise of two slightly 
overlapping transcription units janA and janB. DNA fragments specific to the 
janA unit were used to probe Northern blots of poly(A) RNA from adult male 
and female Drosophila and hybridised with a non-sex-specific transcript of 0.8 
kb as well as two male-specific transcripts of 0.95 and 1.1 kb. Differences in 
polyadenylation were found to be mainly responsible for variation in transcript 
lengths. The isolation of janA cDNAs and their sequence analysis revealed a 
single open reading frame which would predict a polypeptide of 12 kD. Probes 
from the janB unit were found to hybridise with a male-specific transcript and 
sequence analysis of a corresponding cDNA predicted a polypeptide of 15 kD. 
Neither the janA or janB predicted protein was shown to have similarity to any 
other known proteins. The male-specific janus mRNAs were not detected in 
germ line-less males suggesting that they are germ line specific. The non-sex-
specific janA transcript was detected in germ line-less adults of either sex and 
must therefore be expressed in somatic tissues (Yanicostas et al., 1989). 
1.12.2 An Antibacterial Protein Gene Expressed in the Male Genitalia 
In studies of the Drosophila cecropin locus, which encodes inducible antibacterial 
peptides as a response to infection, a new gene, Andropin, was discovered 
within the locus which displayed male-specific expression. Gene expression was 
found to be restricted to the ejaculatory duct of adult males and strongly 
induced in response to mating (Samakovlis et al., 1991). An Andropin cDNA was 
isolated from a library from adult flies that had been infected with bacteria and 
the sequence was used to predict the gene product. Synthetic andropin was 
produced by chemical synthesis and was shown to have antibacterial activity. 
When injected into virgin females the synthetic andropin had no effect on 
courtship response or egg-laying, and the synthetic peptide has no obvious 
effect on sperm motility in vitro. The antibacterial action of the andropin may 
therefore reflect the physiological function in the seminal fluid, protecting the 
male reproductive tract against microbial infections (Samakovlis et al., 1991). 
An independent search for Drosophila homologues to silk moth cecropin anti-
bacterial protein genes revealed a gene, presumed to be areisolate of Andro pin, 
from which expression could be induced by bacterial infection. Investigations 
of this bacterial induction revealed the presence of the 0.4 kb gene transcript in 
non-inoculated control males suggesting a normal level of male-specific 
expression which was found to be specific to the male ejaculatory ducts. The 
protein product was confirmed to have substantial anti-bacterial activity and it 
was demonstrated that this protein is transferred to females during mating (Wu 
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et al., in preparation, in Samakovlis et al., 1991). It has been postulated that this 
protein could protect the mated female from infection from seminal fluid 
(Postlethwait, personal communication). 
1.123 A Gene Encoding a Testis-Specific Membrane Protein 
Adjacent to a tRNATYT  gene was found a gene which hybridised only with RNA 
from abdom of fractionated adult male ffies. The sequence of a 
corresponding cDNA contained an open reading frame predicting a polypeptide 
of 493 aa which contains 4 or 5 transmembrane sequences. A lacZ gene fusion 
when transformed into ffies has been shown to produce a fusion protein 
specific to the testis which leads the reporters to the condusion that the gene 
product is a testis-specific membrane protein (Bigler et al., personal 
communication). 
1.12.4 The yema Gene Region 
A differential screen of a Drosophila genomic library using preblastoderm versus 
gastrula cDNA revealed a clone mapping to the chromosomal region 98F 3-10 
which encoded four transcripts present in the RNA of preblastoderm but not 
gastrula embryos. All four transcripts (4.5, 4.0, 2.8 and 2.6 kb) were shown to 
be female-specific being expressed in nurse cells providing a maternal 
contribution to the developing oocyte (Ait-Ahmed et al., 1987). 
1.13 MUTATIONAL SCREENING FOR MATERNAL-EFFECT GENES 
AFFECTING EMBRYO DEVELOPMENT 
Transcription of the zygotic genome does not begin until the syncytial 
blastoderm stage, about two hours after egg deposition (Figure 1.9). As all of 
the RNA present in the egg prior to this is a maternal contribution, the genes 
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encoding these transcripts would be expected to have ovary-specific expression 
either in the germline cells, the nurse cells and oocyte, or in the somatic foffide 
cells surrounding them. Mutational screens for maternal effect mutants (Gans 
et al., 1975; Mohler, 1977; Perrimon et al.. 1986; Anderson and Nusslein-Volhard, 
1986; Schupbach and Wieschaus, 1986a; Nusslein-Voihard et al., 1987; 
Schupbach and Wieschaus, 1989) have revealed a number which affect embryo 
development such as embryonic pattern formation. This has led to the 
identification of about 30 "coordinate genes" which affect the determination of 
the anteroposterior and dorsoventral axes within the embryo. These genes act 
through four major systems controlling embryonic polarity: three of which 
control anteroposterior axis determination and one which controls dorsoventral 
axis determination (NUsslein-Volhard et al., 1987; Nüsslein-Volhard and Roth, 
1989). Within the anteropostenor axis determination the three systems act 
almost independently: the anterior system controls polarity in the segmented 
region of the head and thorax, the posterior system controls polarity in the 
segmented abdomen, and the terminal system determines the nonsegmented 
acron and telson. 
Each of the four systems requires a maternal gene product that is localised in 
a specific region of the egg and acts as a spatial signal. This signal results in the 
asymmetrical distribution of a maternal gene product which acts as a 
transcription factor to define the spatial limits of expression of the zygotic target 
genes (reviewed in Nusslein-Volhard, 1991). 
1.13.1 The Anterior System 
The maternal gene bicoid has been shown to play the key role in the anterior 
determination of the Drosophila egg. The 2.6 kb bicoid transcript was shown to 
be specific to the adult female ovary and early embryo, the gene being 
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transcribed in the nurse cells during oogenesis and the mRNA deposited at the 
anterior egg pole. This has been shown to be the localised signal for anterior 
determination of the egg (Berleth et al., 1988; St Johnston et al., 1989). The bicoid 
protein forms a gradient presumably by diffusion away from the localised 
source (Driever and Nusslein-Volhard, 1988). The predicted protein product 
includes a homeobox domain (Berleth et al., 1988) and has been shown to act 
as a concentration-dependent transcription factor upon zygotic target genes 
such as the gap gene hunchback (Struhi et al., 1989). 
The anterior localisation of the bicoid mRNA in the egg is dependent on at least 
three other maternal-effect genes: exuperantia (exu), swallow (swa) and staufen 
(stau) mutations in which result in a spread of the bicoid mRNA towards more 
posterior regions (Frohnhofer and Nusslein-Volhard, 1987; St Johnston et al., 
1989). Studies on the distribution of bicoid mRNA in mutant ovaries and 
embryos show that exu is required at an early stage for localisation of bcd 
mRNA in the apical regions of nurse cells, swa appears to be involved in 
attaching the bcd mRNA to the cortex of the oocyte, and stau seems to act later 
in the localisation of the bcd mRNA within the egg (St Johnston et al., 1989). 
exuperantia was shown to encode sex-specific transcripts of 2.9 kb in the male 
and 2.1 kb in the female, both being limited in expression to the germline; The 
female-specific transcript is assumed to be responsible for the maternal effect on 
localisation of the bicoid RNA within the nurse cells, while the male-specific 
transcript is assumed to be responsible for the role of the gene in 
spermatogenesis (Hazelrigg et al., 1990). 
staufen encodes a 5.3 kb transcript which is detected at high levels in adult 
female ovaries and early eggs. The ovarian expression of the gene was 
detectable from stage 3 of oogenesis in the nurse cell-oocyte complex. At stage 
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6 the signal was strong in the presumptive oocyte, then by stage 10 the highest 
levels are detected in the anterior nurse cells (St Johnston et al., 1991). 
1.13.2 The Posterior System 
The maternal gene nanos (nos) has been shown to play a key role in the correct 
posterior determination of the Drosophila egg (Lehinarm and Nusslein-Volhard, 
1991). The 2.4 kb nanos transcript is detected at much higher levels in adult 
females than males and has been shown to be predominant in ovaries and early 
embryos, where it is localised to the posterior pole providing the signal for 
posterior determination (Wang and Lehmann, 1991). The anterior spread of the 
nos dependent activity requires the function of the maternal gene pumilio 
(Lehmann and Nusslein-Volhard, 1987). nos is not a transcription factor but acts 
to promote transcription of the zygotic gene knirps by elimination of a 
transcriptional repressor of knirps (the repressor being maternal hunchback 
product which is homogeneous throughout the egg; Irish et al., 1989). 
The localisation of the :nanos gene product is dependent on at least five maternal 
genes: oskar (osk), staufen (stau), tudor (tud), valois (vat) and vasa (vas) as shown 
by mutation effects (Schupbach and Wieschaus, 1986a and b; Lehmann and 
Nüsslein-Volhard, 1991). 
oskar has a major transcript of 2.9 kb which is only detected in adult females 
and early embryos. The osk mRNA is detected in the germarium and early 
stages of oogenesis throughout the nurse cell-oocyte complex and then becomes 
concentrated in the presumptive oocyte. At stages 8 and 9 of oogenesis this 
mRNA is localised in a cap at the posterior pole of the oocyte and then at stage 
10 can be seen to accumulate to high levels in the nurse cells. Within the early 
embryo the osk mRNA is concentrated at the posterior pole (Kim-Ha et al., 1991), 
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but very little can be detected after the first few hours of embryogenesis 
(Ephrussi et al., 1991). 
The vasa mRNA is uniform in nurse cells and the oocyte yet the protein product 
is localised in the posterior pole plasm (Lasko and Ashburner, 1988; Hay et al., 
1988). 
staufen expression has been described above for its role in anterior 
determination of egg poiarity. How these gene products become localised to the 
posterior pole after being synthesised in the anterior nurse cells is a mystery. 
1.13.3 The Terminal System 
Five maternal genes, torsolike, trunk, fs(1)polehole, fs(1)Nasrath and torso, have 
been identified in which mutations cause the deletion of the anterior-most and 
posterior-most parts of the embryo, the acron and telson (Schüpbach and 
Wieschaus, 1986a; Nusslein-Volhard et al., 1987; Klingler et al., 1988). It has been 
shown that somatic influences from the fofficle cells play a part in terminal 
determination, for example the gene torsolike is active in subpopulations of 
follicle cells at the anterior and posterior tips of the oocyte (Stevens et al., 1990). 
These follicle cells provide the localised signal (possibly the torsolike product) 
required for terminal determination. The receptor for this signal is the protein 
product of torso which is a menbrane-bound receptor tyrosine kinase (Sprenger 
et at., 1989) incorporated in the egg cell membrane of the early embryo 
(Casanova and Struhi, 1990). torso must act through at least one unknown 
maternal gene, a transcriptional activator, on the zygotic target genes such as 
huckebein and tailless (Klingler et at., 1988). 
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1.13.4 The Dorsoventral System 
Twelve maternal genes have been shown to be involved in determination of the 
dorsoventral axis in the embryo. Mutations in the dorsal-group genes nude!, 
pipe, windbeutel, easter, gd, snake, spatzle, Toll, pelle, tube and dorsal cai.ise 
dorsalising effects, while mutations in the gene cactus cause ventralising effects 
(reviewed in Nusslein-Volhard, 1991). The key gene in the dorsoventral system 
appears to be dorsal. The dorsal protein product is homogeneously distributed 
through the freshly laid egg, yet when the nuclei of the syncyti1 embryo 
reach the periphery of the egg, the nuclei on the ventral side show enriched 
dorsal protein levels. This protein is released from the nuclei during the mitoses 
of the cleaving egg and presumably acts as a transcriptional regulator of zygotic 
genes (Roth et al., 1989). The nuclear uptake of the dorsal protein is controlled 
by the dorsal-group genes, which stimulate protein uptake on the ventral side 
of the egg, and by cactus,which inhibits uptake on the dorsal side (reviewed in 
NUsslein-Volhard, 1991). Recent analysis of mosaic females has shown that the 
activity of the genes nude!, pipe and windbeutel is required in somatic tissue, 
presumably the follicle cells surrounding the oocyte. Their gene products 
provide the localised signal for determination of the dorsoventral axis (Stein et 
al., 1991) acting through the Toll gene product, a membrane-bound protein that 
is evenly distributed in the egg membrane (Hashimoto et al., 1988). 
1.13.5 Summary 
The maternal effect genes described above provide examples of genes with 
ovary-specific expression, both from the germline cells: the nurse cells and 
oocyte, and from the somatic follicle cells. Mutations in these genes produce 
embryonic defects which enabled the identification of the genes through 
mutational screening. This female-specific gene expression has been shown to 
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be very important in the production of a coarse pattern within the developing 
Drosophila egg which is then further defined by the action of zygotic pattern 
genes. 
1.14 DIFFERENTIAL cDNA SCREENING FOR GENES WITH SEX-SPECIFIC 
GENE EXPRESSION 
1.14.1 Screen 1: Walldorf, E., Hovemann, B. and Bautz, E.K.F. (1985) 
A cDNA library of 2- to 3-day-old ffies was screened with poly(A) RNA from 
male and female flies with the aim of isolating the yolk protein genes. Several 
cDNAs were isolated that hybridised preferentially with RNA from female flies, 
but were not in fact the yolk protein genes. Four of the cDNAs shared common 
sequences, suggesting that the corresponding poly(A) RNA is quite abundant. 
The largest cDNA was used to screen a Drosophila melanogaster genomic library 
resulting in the isolation of two regions of DNA with homology which were 
named Fl and F2 mapping to 48D and 100E respectively (Walldorf et al., 1985). 
All four female-specific cDNAs were found to derive from Fl, but have 
homology with F2. The Fl transcript of 2.0 kb was found in RNA from 
embryos, larvae and adults, in the adult being preferentially expressed in female 
flies, while the F2 RNA of 2.5 kb was found to be expressed in pupae. The 
predicted proteins for Fl and F2 are 463 and 462 amino adds, respectively, and 
showing 90% homology, which is considerably higher than the homology at 
the nucleotide level, suggesting conservation and a biological function for both 
proteins. They were in fact found to be the genes for ribosome elongation 
factors (Hovemann, personal communication) and not having an obvious role 
in sex-specific differentiation. 
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1.14.2 Screen 2: Schafer, U. (19861) 
Differential screening of a Drosophila melanogaster genoniic library (Maniatis et 
al., 1978) revealed a number of clones hybridising with poly(A) RNA from 
adult males, but not from adult females or embryos. These were found to 
originate from five regions of the Drosophila melanogaster genome and each 
clone was shown to hybridise with an adult male-specific transcript (some 
dones also hybridised with additional non-sex-specific transcripts). 
Clone 1 mapped to position 57D and was shown to hybridise with a male-
specific transcript of 450 nucleotides expressed in the male accessory glands 
(paragonia), the clone being renamed mst(2)ag-1, for male-specific transcript 
(chromosome number 2) accessory gland-isolation number 1. 
Clones 2,5,14 and 15 were found to define a small gene family mapping to 75C 
and all hybridising with an apparently identical male-specific transcript of 420 
nucleotides expressed in the male accessory glands, the clones being renamed 
e.g. mst(3)ag-2. 
Clone 3 mapped to 95F and hybridised to a male-specific transcript of 450 
nucleotides (shown to be different from that for clone 1) expressed in the 
accessory glands, the clone being renamed mst(3)ag-3. 
Clone 6 mapped to 87F and hybndised to a male-specific transcript of 740 
nucleotides assumed to be sperm-specific, as it was found in those parts of the 
male reproductive system that contain the spermatogenic stages and was not 
present in RNA from germ cell-free tudor males. The clone was renamed 
mst(3)gl-9, for germ line-specific expression. 
Clone 35 mapped to 51F and hybridised to a male-specific transcript of 660 
nucleotides expressed in the male accessory glands, the clone being renamed 
mst(2)ag-35. 
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Expression studies on ffies hetero- or homozygous for mutations in the somatic 
sex determination genes showed that the expression of the male-specific 
accessory gland transcripts was dependent on the male mode of action of the 
sex determination hierarchy i.e. these transcripts were observed in intersexual 
ifies and pseudomales irrespective of their chromosomal sex (Schafer, 1986). 
In contrast, the expression of the male-specific germ line transcript, mst(3)gl-9 
was found to be independent of the sex determination hierarchy and also not 
dependent on the presence of a Y-chromosome i.e. expression is regulated by 
the X:A signal (Schafer, 1986). In Drosophila spermatogenic transcription only 
occurs premeiotically while translation is detected in both pre- and post-meiotic 
spermatids. P-element-mediated transformations with a mst(3)g1-9--gal gene 
fusion showed that only 102 bp of 5 upstream, sequences and the first 201 bp 
of the mst(3)gl-9 gene are sufficient to produce this transcriptional and 
translational pattern, supporting the assumption that the gene expression is 
sperm-specific (Kuhn etal., 1988). The putative protein encoded by mst(3)gl-9 is 
mostly composed of repetitive Cys-Gly-Pro motifs and the function is as yet 
undetermined. However, it is very interesting that a cluster of four small genes 
has been identified which are closely related in structure to mst(3)gl-9, mapping 
to chromosomal location MC (mst(3)gl-9 mapping to 87F). These genes are also 
expressed in the male germ line and the mRNAs follow the transcriptional and 
translational pattern consistent with sperm-specific expression. The duster of 
genes has been mapped to a small deletion associated with a rotund mutation 
at MD, homozygous deletion of which causes structural malformations in 
sperm. This then appears to be a small family of genes required for correct 
spermatogenesis (Kuhn et al., 1991). 
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1.14.3 Screen 3: DiBenedetto, A.J., Lakich, D.M., Kruger, W.D., Belote, J.M., Baker, 
B.S. and Wolfner, M.F. (1987) 
Three differential cDNA screens were carried out on a Drosophila genomic 
library: the first using adult male versus adult female cDNA; the second using 
pupal male versus pupal female cDNA; and the third using male versus female 
cDNA from decapitated adult progeny of cin y w females, the cinnamon gene 
being used in crosses to produce only male or female progeny. 
Seven clones were isolated which hybridised only with female cDNA and were 
investigated further: 
Two of the clones were found to have strain-specific hybridisation with female 
cDNA and were shown to be clones of the type I ribosomal spacer gene. 
Three of the clones were found to be either yolk protein genes or chorion 
protein genes. 
Two overlapping clones were shown to be original isolates from site 69C on 
chromosome 3, encoding anumberof transcripts including one female-specific 
transcript of 3.3 kb. This fst 241 was found to be present in the RNA from 
ovaries of wild type adult females, but not in the RNA from germlineless 
offspring of tudor females. In situ hybridisation to ovarian tissue showed that 
-- 	 the transcript is expressed in oocytes and nurse cells. 
Six clones were isolated which hybridised only with male cDNA, many encoded 
multiple transcripts but all encoded at least one male-specific transcript. Their 
expression was investigated in germlineless progeny of tudor females, in tissue-
specific RNA and by in situ hybridisation to tissue sections. 
mst 323 mapped to 25F and hybridised to a male-specific transcript of 0.84 kb. 
mst 325 mapped to 47A and hybridised to a male-specific transcript of 1.0 kb. 
mst 336 mapped to 98CE and hybridised to two male-specific transcripts of 1.6 
and 1.3 kb. 
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mst 345 mapped to 95EF and hybridised to two male-specific transcripts of 1.6 
and 1.1 kb. 
mst 349 mapped to 66D and hybridised to a male-specific transcript of 2.5 kb. 
All five of these dones hybridise to transcripts which are absent in germlineless 
males and are not under the control of the sex determination hierarchy. They 
hybridise only with testis cDNA and are shown by in situ hybridisation to be 
expressed in the lumen of the testis. Their transcripts are present in larval, 
pupal and adult stages which would be consistent with a role in 
spermatogenesis. 
mst 326 was mapped to site 95E on chromosome 3 and in fact corresponds to. 
mst(3)ag-3 (Schafer, 19861).  Again it was shown to encode a 0.35 kb transcript 
expressed in the paragonia of adult males. Temperature shift experiments with 
tra-2' mutants showed that this expression becomes irreversibly determined 
during the third larval instar though initiation of transcription occurs much 
later, during pupation (Chapman and Wolfner, 1988). This is consistent with the 
determination of male-specific expression of mst(3)ag-3 being solely dependent 
on the presence of the sex-specific tissue from which it is expressed i.e. the 
presence of the sex-specific tissue is dependent on the mode of expression of 
the sex determination hierarchy, but sex-specific expression from that tissue is 
independent of the sex determination hierarchy (Wolfner, 1988; Figure 1.4). The 
predicted protein of 52 amino acids exhibits features common to precursors of 
secreted peptides (DiBenedetto et al., 1990). Germline transformations using a 
mst 316-lac Z gene fusion were used to show that expression of the fusion 
protein from the "main" cells of the male accessory gland can be stimulated by 
mating, so that n-gal activity levels are 2 times-6 times higher in mating males 
than virgin males (DiBenedetto et al., 1990). 
.56 
1.14.4 Screen 4: Monsma, S.A. and Wolfner, M.F. (1988) 
Restriction fragments from a genomic walk of the 26A region of chromosome 
2 were screened with cDNA from adult males and females and one fragment 
was shown to hybridise only with male cDNA. This genomic fragment was 
shown to encode two non-overlapping adult male-specffic transcripts, mst 355a 
of 0.9 kb and mst 355b of 0.5 kb. Both transcripts are detected exclusively in 
RNA from male accessory glands. Studies on the germlineless progeny of tudor 
females show that the expression of mst 355a and mst 355b does not require 
spermatogenesis. The levels of both transcripts does show an increase as a 
result of copulation (Monsma et al., 1990). 
XX ifies transformed into pseudomales by the fra-2 mutation develop accessory 
glands as adults and were found to have mst 355a and mst 355b expression. 
Restoration of tra-2 activity in temperature shift experiments showed that this 
expression was irreversibly rdetermined during the third larval instar, the time 
critical for morphological determination of accessory gland tissue, while mst 
355a and mst 355b expression is not initiated until late in pupation (Chapman 
and Wolfner, 1988). This would be consistent with the theory that the sex 
determination hierarchy is required for determination of the sex specific tissue, 
the accessory gland, but that the sex-specific expression from this tissue is 
morphologically determined by the presence of the tissue (Chapman and 
Wolfner, 1988; Wolfner, 1988). This contrasts with the continual control of the 
sex determination hierarchy over the female-specific expression of the yolk 
protein genes from the fat body which is a tissue present in both males and 
females. 
cDNA clones corresponding to mst 355a and mst 355b were isolated from a 
male-specific cDNA library and each shown to contain one open reading frame. 
The ORF of mst 355a encodes a basic protein of 264 amino acids, msP 355a. The 
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ORF of mst 355b encodes an acidic protein of 90 amino acids, msP 355b. Both 
of these predicted proteins have features of secreted proteins and the amino 
add sequence of msP 355a includes a stretch with similarity to the egg-laying 
hormone of the mollusc Aplysia californica which is involved in eliciting post-
mating behaviour (Monsma and Wolfner, 1988). 
Antibodies were raised against an msP 355a--galactosidase fusion protein and 
used to define msP 355a distribution. The antibodies recognised three bands of 
M 41, 37, and 36 kD on Western blots of proteins from male accessory gland 
tissue. The protein predicted from the sequence analysis of mst 355a would be 
expected to have an M, of 29 kD (including a putative signal peptide) and so 
the bands recognised by the antibodies were considered as being alternate 
forms of the mst 355a product, referred to collectively as msP 355a (Monsma and 
Wolfner, 1988). The antibodies recognised no bands on Western blots of 
proteins from the internal genitalia of unmated females, but recognised the 41, 
37, and 36 kD bands in female extracts after 10 minutes of mating (in which 
time ejaculation will have occurred). Extracts from female internal genitalia after 
20 minutes when mating is complete show that the msP 355a has been altered, 
the major band recognised by the antibodies now appearing at 29 kD (Monsma 
and Wolfner, 1988). It has also been shown that msP 355a rapidly enters the 
female haemolymph after transfer from the male and that in the haemolymph 
the protein does not undergo this rapid and specific cleavage (Monsma et al., 
1990). 
Similar studies with antibodies raised against an msP 355b-lacZ fusion protein 
indicate that msP 355b is also transferred during mating, the antibodies in this 
case recognising a protein of 11-14 kD, which is close to the 10 kD size 
(including a putative signal peptide) predicted from the mst 355b sequence 
(Monsma and Wolfner, 1988). This msP 355b is also taken up into the female 
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haemolymph after transfer from the male and is not cleaved in either the 
female genital tract or the haemolymph (Monsma et al., 1990). 
1.15 OTHER GENES STILL TO BE ISOLATED 
The strategy of differential screening, as shown above, has been successful in 
the identification of a number of genes with sex-specific expression. As the 
isolation of genes was rarely duplicated between screens, and only two genes 
were identified which had female-specific expression (Fl, Walldorf et al., 1985, 
and the gene encoding fst 241, DiBenedetto et al., 1987) it is reasonable to 
assume that the screens have not been exhaustive in the identification of genes 
with sex-specific transcripts. The work described in this thesis involves the 
characterisation of a number of female-specific dones isolated from a differential 
screen performed in 1984 with a slightly different approach from those screens 
detailedabove and therefore with a good chance of having isolated novel genes 
with sex-specific expression. 
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CHAPTER TWO: 
MATERIALS AND METHODS 
CHAPTER 2: MATERIALS AND METHODS 
2.1 SOLUTIONS 
Chemicals were obtained from Sigma, BDH, Aldrich. 
Enzymes (restriction endonudeases, DNase I, RNase A, proteinase K, DNA 
polymerase, Kienow fragment of DNA polymerase) were obtained from 
Pharmacia and BRL. 
Radioisotopes were obtained from Amersham. 	 - 
Hybond-N nylon membranes were obtained from Amersham. 
Standard solutions were made using distilled water in sterile glassware, and 
were sterilised by autoclaving (15 psi for 15 minutes) or by passing through a 
0.45gm nitrocellulose ifiter. 
General solutions not described in the text are detailed below. 
TE 	 10mM Tris-Ci pH 7.5, 1mM EDTA pH 7.0 
TM 	 10mM Tris-Ci pH 8.0, 10mM MgSO4 
10 x TBE 	0.89M Tris-borate, 0.89M boric acid, 10mM EDTA pH 8.0 
10 x MOPS 	200mM MOPS, 50mM NaAc, 10mM EDTA 
pH 7.0 
FSB 	 1001il 10 x MOPS, 200i1 formamide, 120i4 formaldehyde (37- 
40% w/v) 
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FDE 	 0.3g Ficoll type 400, 0.1g bromophenol blue, in imi 0.1M 
EDTA pH 7.0 
20 x SSC 	3M NaCl, 03M Na3 citrate, pH 7.0 
20 x SSPE 	3M NaCl, 0.15M NaH2PO4, 20mM EDTA, 
pH 7.4 
50 x Denhardt's 5g Ficoll, 5g polyvinylpyrrolidone, 
solution 	5g BSA made up to 500mls with H20 
OLB 	1.5g Tris, 0.25g MgC121  1.3g HEPES, 28.5g 
hexadeoxyribonucleotides, 181il 3 -mercaptoethanolin 5mls TE, 
plus 251Ll 20mM dATP, dTTP and dGTP. 
Ringer's 	 3.2g NaCl, 3.Og KC1, 1.8g MgSO4.7H20, 
solution 0.69g CaC122H20, 1.79g Tricine, 3.6g glucose, 17.1g 
sucrose made up to 1 litre with H 20 and neutralised with 
NaOH. 
2.2 MICROBIOLOGICAL STRAINS AND MEDIA 
2.2.1 Microbiological strains 
All bacterial strains, bacteriophage vectors and plasmid vectors are described in 
Tables 2.1, 2.2 and 2.3 respectively. 
Bacterial stocks were maintained on the appropriate plates at 4°C and also as 
stabs at room temperature in the dark Overnight cultures were grown by 
inoculating a single colony into 5m1 L-broth and shaking at 37°C. if the cells 
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TABLE 2.1: Bacterial Strains 
Strain 	 Genotype 	 Reference 
DL307 	 recBC, suIl, 	 D. Leech 
Host for I 	 sulli, reclY, dciii 	 personal 
Charon 4 communication. 
HB101 	 F, hsdS20, recA13, aral4, 	 Maniatis et al. 
Host for 	 proA2, lacYl, galK2, 	 (1982) 




AlacLJi69, 4(lon, araD)139, 	Huynh et al. 









F, thi-1, thr-1, leuB6, 	 Huynh et al. 
Host for 
	





TABLE 2.2: Bacteriophage Vectors 
Bacteriophage 	Comment 	 Reference 
). Charon 4 	Vector for genomic DNA 	Blattner 
library 	 et at (1977) 
).gtll 	 Vector for cDNA library 	Huynh et at. 
(1985) 
gt1O 	 Vector for cDNA library 	Huynh et at. 
(1985) 
TABLE 2.3: Plasmid Vectors 
Plasniid 	 Comment 






were to be used for infection by bacteriophage lambda, maltose was added to 
0.02%. The cells were pelleted by centrifugation in a microfuge (12Krpm, 1 
minute) and resuspended in 10mM MgSO4 . 
Lambda bacteriophage were stcired at 4°C in phage buffer with a few drops of 
chloroform. Serial dilutions were plated to determine the litre of the stock 
(pfiilml). 
2.2.2 Microbiological Media (Maniatis et al., 1982) 
The following quantities are for 1 litre volumes made up in distilled water and 
sterilised by autoclaving (15psi/20 mm). Where appropriate, antibiotics were 
added to the media after cooling, e.g. ampicilhin to a final concentration of 
5Opgfml. 
BBL agar 	log Trypticase (Baltimore Biological Laboratories), log NaC1, 
lOg Difco agar. 
BBL top agar 	As for BBL agar but containing only 6.5g Difco agar. 
L broth 	lOg Difco Bacto Tryptone, 5g Difco Bacto Yeast Extract, lOg 
NaCl, pH 72- 
L agar 	L broth containing 15g Difco agar per litre. 
L agarose 	L broth containing 7g agarose per litre. 
L agarose top L broth containing 5g agarose per litre. 
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Phage buffer 	3g KH2PO4, 7g Na2HPO4, 5g NaCl, lOmi 0.1M MgSO4, lOmi 
0.1M CaC12, imi 1% (w/v) gelatin per litre. 
2.3 DROSOPHILA STOCKS 
Drosophila melanogaster wild type strain Oregon R (Lindsley and Grell, 1968) was 
used for all DNA and RNA preparations required in this work 
Fly stocks were maintained in vials and bottles of yeast food (bOg dried flake 
yeast, lOOg sugar, 16g agar per litre) at 18°C or 25°C. A fungicide, nipagin, was 
added to a final concentration of 4.5g'L and filter paper impregnated with 
benzyl benzoate was added to the container to discourage mites. 
2.4 METHODS 
(based upon Maniatis et al., 1982 and Sambrooke et al., 1989 unless otherwise 
stated) 
2.4.1 Phenol Extraction 
Solutions of nucleic acids were deproteinised by shaking or vortexing with an 
equal volume of phenol (equilibrated with TE buffer) or phenol/chloroform 
(1:1). The phases were then separated by centrifugation in a Sorvall RC-5B 
centrifuge (5Krpm, 10 minutes) or a microfuge (12Krpm, 5 minutes) and the 
aqueous layer removed to a fresh tube. 
2.4.2 Chloroform Extraction 
Solutions of nucleic acids were shaken or vortexed with chloroform 
(equilibrated with TE buffer) to remove any remaining phenol after 
deproteinisation. The phases were then separated by centrifugation as above 
and the aqueous layer removed to a fresh tube. 
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2.4.3 Precipitation of Nucleic Acids 
Solutions of nucleic acids were adjusted to 0.3M sodium acetate (pH 5.5) and 
2 volumes or 2.5 volumes of ethanol were added for precipitation of DNA or 
RNA respectively. The samples were incubated at -20°C for a minimum of 60 
minutes (for small quantities of nudeic acids the precipitation was left 
overnight). The precipitate was recovered by centrifugation in a Sorvall 
centrifuge (lOKrpm, 20 minutes, 4°C) or a microfuge (12Krpm, 10 minutes). The 
pellet was washed with 70% ethanol, dried under vacuum and re-dissolved in 
TE buffer or sterile, distilled water for DNA or RNA respectively. 
DNA was also selectively precipitated from solutions containing nudeoside 
triphosphates by the addition of an equal volume of 4M ammonium acetate (pH 
6.5) and 4 initial volumes of ethanol. After incubation at -70°C for 15 minutes, 
the DNA was recovered as above. This precipitation carried out twice is 
successful in removing >90% of unincorporated labelled triphosphates from 
reactions. 
2.4.4 Quantification of DNA and RNA by Optical Density 
Measurement of OD at 260nm allows the cakulation of nudeic acid 
concentration. An OD=1 is equivalent to: 
50g/nil dsDNA 
40ig/ml ssDNAIRNA 
The ratio OD.:ODw indicates the degree of purity of the sample, such that: 
a ratio of 1.8 indicates purity for a DNA sample 
a ratio of 2.0 indicates purity for an RNA sample. 
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25 PREPARATION OF SAMPLES FROM DROSOPHILA fr/ELANOGASTER 
2.5i Preparation of Genomic DNA from Adult Flies 
The method used is based on that of Marcus (1985) for 1-5 flies. The ifies were 
etherised and frozen in liquid nitrogen before being homogenised in a 1.5m1 
eppendorf tube with a pasteur pipette, the tip of which had been melted into 
a ball to fit snugly in the bottom of the tube. Homogenisation was carried out 
in a buffer of 0.15M NaCl, 50mM Tris-Cl (pH 8.0), 15mM EDTA, using a volume 
of 501il per fly. After homogenisation an equal volume of the same buffer was 
added containing 0.04% SDS. Proteinase K was added to 50ig/mI and the 
homogenate was incubated at 65°C for 60 minutes. The mixture was phenol 
extracted twice and chloroform extracted without vortexing to prevent shearing 
of the DNA. The DNA was ethanol precipitated and the pellet left to resuspend 
in TE buffer overnight. 
2.5.2 Collection of Specific Drosophila melanogaster Tissues and Stages of the Life 
Cycle 
Dissection of adult ifies to separate gonadal and non-gonadal tissue was carried 
out on a cavity slide in a few drops of Ringer's solution using watchmaker's 
forceps. The tissues were immediately transferred into RNA homogenisation 
buffer and frozen in liquid nitrogen. 
Specific stages of the Drosophila melanogaster life cycle were collected with 
respect to time of development at 25°C (see Table 2.4) from batches of eggs from 
timed layings. Eggs were collected on agar plates smeared with yeast paste and 
the staged eggs washed through a filter to remove yeast before being frozen in 
liquid nitrogen. Larvae were allowed to develop on yeast paste for 1-2 days or 
on yeast food plates for 3-4 days before being floated off with concentrated 
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TABLE 2.4: Drosophila melanogaster Development at 25°C 
Days Hours Stage of Development 
0-1 0-24 Egg 
1-2 -48 First Instar Larva 
2-3 - 72 Second Instar Larva 
3-4 -96 Early Third Instar Larva 
4-5 -120 Late Third Instar Larva 
5 - 9 -216 Pupa 
10-. 240-. Adult 
sucrose, washed through the ifiter and frozen. Staged pupae were collected 
from the walls of yeast food bottles, washed and frozen. 
2.5.3 Preparation of RNA from Drosophila melanogaster Adults, Tissues and Stages 
of the Life Cycle 
RNA preparation was generally done on a large scale in baked glass 
homogertisers with dose-fitting plungers. Homogenisation was carried out in 
• buffer of 100mM Tris-HC1 (pH 7.5), 10mM EDTA, 150mM LiC1, 176 SDS, using 
• volume of 50l/mg tissue. Samples were transferred to 30m1 baked glass Corex 
tubes and kept at 4°C for every step of the procedure. The homogenate was 
phenol extracted 3-4 times and chloroform extracted, then ethanol precipitated 
overnight. The nudeic acid pellet was resuspended in a small volume of sterile 
water before being transferred to 1.5 ml eppendorf microfuge tubes. 2 volumes 
of 3M LiCl were added and the mixture was incubated at 4°C overnight. 
.Centrifugafion (12Krpm, 5 minutes) pelleted the RNA, which was washed with 
70% ethanol, dried and resuspended in sterile water. A yield of roughly 4g 
RNA/mg tissue is expected. 
2.5.4 Selection for Poly(A) RNA 
Eukaryotic RNA is made up of 80-85% ribosomal RNA, 15-20% low molecular 
weight RNA (such as tRNA and small nuclear RNA), and 1-5% messenger RNA 
(mRNA). Most eukaryotic mRNAs have a poly(A) tail added onto their 3' ends, 
probably as an early step in the maturation of the primary transcript (reviewed 
in Proudfoot, 1991). This poly(A) tail can be used in a selection process to enrich 
RNA for po1y(A) mRNA. A single selection step using oligo(dT) cellulose can 
increase the levels of po1y(A) RNA from 1-5% up to around 50% of the RNA 
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sample, enabling higher levels of mRNA to be run efficiently through agarose 
gels (Sambrooke et al., 1989). 
2.5.4.1 Using Oligo(dT) Cellulose Columns 
2 ml syringes were autoclaved and a plug of baked nylon wool was inserted 
followed by a layer of oligo(dT) cellulose to create a column. The column was 
washed with sterile water, then with 0.5M NaOH in 5mM EDTA and finally 
with sterile water again. The column was equilibrated with RNA loading buffer 
(20mM Tris-Ci pH7.5, 0.5M LiC1, 1mM EDTA, 0.1% SDS). The RNA sample in 
sterile water was heated to 65°C for 5 minutes then snap cooled on ice. An 
equal volume of 2 x loading buffer was added and the sample was applied to 
the column and allowed to flow through very slowly. The flow-through was 
reheated, snap cooled and reapplied to the column. The column was washed 
with low salt loading buffer (20mM Tris-HC1 pH7.5, 0.2M LiCl, 1mM EDTA, 
0.1% SDS) to remove poly(A).'RNA and then the poly(A) RNA was eluted with 
10mM Tris-HC1 (pH 7.5), 1mM EDTA, 0.05% SDS. The sample was ethanol 
precipitated and resuspended in sterile water. 
2.5.4.2 Using the Oligo(dT) Spin Quick Method 
A small amount of oligo(dT) cellulose was added to 1.5ml eppendorf microfuge 
tubes and RNA was applied in loading buffer as above. The sample was 
vortexed, then centrifuged (12Krpm, 5 minutes) and the liquid removed. 
Washing of the oligo(dT) cellulose and elution of the poly(A) RNA was 
achieved with the same solutions as above but using vortexing and 
centrifugation to apply and remove the solutions. This was found to be much 
quicker than the slow flow-through of the columns, yet stifi very efficient. 
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2.5.4.3 Using Hybond message-Affinity Paper 	 - 
Hybond message-Affinity Paper was moistened with RNA loading buffer (as 
above) and RNA applied to it in the same loading buffer, allowing 1cm 2 paper 
per 3040kg RNA. After a few minutes for adsorption the paper was washed in 
a series of wash-bottles containing loading buffer and then wash-bottles 
containing 70% ethanol. The paper was allowed to dry before being boiled 
briefly in sterile water to elute the poly(A) RNA which was ethanol 
precipitated. This method was very quick but removed a lower proportion of 
poly(A) RNA from the sample. 
2.6 PREPARATION OF DNA FROM BACTERIOPHAGE LAMBDA 
2.6.1 Small-scale Preparation of ) DNA 
The required phage were titrated and 10 5pfu aliquots added to fresh plating 
cells. They were allowed to adsorb for 10-15 minutes at 37°C, then 3m1 of 
molten L-agarose top (at 47°C) was added and the mixture poured onto fresh 
L-agarose plates. The plates were incubated for 4-10 hours until the lawn 
reached confluent lysis. 5m1 amounts of phage buffer were added and the plates 
shaken gently for 1-2 hours at room temperature. This lysàte was recovered and 
any remaining cells removed by centrifugation. RNase A and DNase I were 
added to 1g'ml and the lysate incubated at 37°C for 30 minutes. PEG and NaCl 
were added to the lysate to final concentrations of 10% and 1M, respectively, 
and the lysate was incubated on ice for 1 hour. Centrifugation in a Sorvall 
centrifuge (lOKrpm, 4°C, 20 minutes) pelleted the phage which were 
resuspended in 0.5m1 TM and transferred to an eppendorf microfuge tube. SDS 
and EDTA were added to final concentrations of 0.1% and 5mM, respectively, 
then the mixture was incubated at 65°C for 15 minutes. It was then phenol 
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extracted twice and chloroform extracted once before ethanol precipitation of 
the DNA. 
2.6.2 Large-sale Preparation of ).. DNA 
The appropriate phage were titrated and 10 9pfu added to an aliquot of 10 9 fresh 
plating cells. They were allowed to adsorb at 37°C for 10-15 minutes before 
being added to 200m1 L-broth for incubation at 37°C with shaking. The culture 
was monitored until lysis occurred and chloroform was added for a further 10 
minutes incubation at 37°C. RNase A and DNase I were added to 1ig/ml and 
the lysate was incubated at room temperature for at least 30 minutes. PEG was 
added to 10%, NaCl was added to 1M and the mixture was incubated on ice for 
1 hour. Centrifugation in a Sorvall centrifuge (lOKrpm, 20 minutes) pelleted the 
phage which were resuspended in 8m1 TM and chloroform extracted. 
A CsC1 step gradient was made by successively overlaying 1.5m1 each of 
1.7g/ml, 1.5g/ml and 1.3g/ml CsC1 solutions (in TM buffer) in a 14ml MSE 
polycarbonate tube using a Pasteur pipette. The phage suspension was carefully 
loaded on top of the CsCl layers to within 2mm of the top of the tube. This step 
gradient was centrifuged at 35Krpm for 2 hours at 4°C (MSE superspeed 65 
centrifuge, 6 x 14m1 titanium swing-out rotor). Two bands could be seen of 
which the lower was the phage band and the upper was protein and debris. 
The phage band was collected through the side of the tube using a syringe and 
hypodermic needle. 
The phage band was dialysed against TB buffer for 3 hours at 4°C, with several 
changes of buffer, in order to remove the CsC1. EDTA was added to 20mM, SDS 
to 0.5% and proteinase K to 50gfml and the mixture was incubated at 65°C for 
1 hour. It was phenol extracted twice and chloroform extracted once before 
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dialysing overnight at 4°C against TE buffer, with several changes of buffer, to 
remove all traces of phenol. The DNA was then ethanol precipitated. 
2.7 CLONING DNA INTO PLASMID VECTORS AND PREPARATION OF 
PLASMJD DNA 
2.7.1 Cloning DNA into Plasmid Vectors 
2.7.1.1 Ligations 
The vector and insert DNA were cut to completion with the appropriate 
endonudeases. Vector molecules were prevented from self ligation by removing 
the terminal 5 -phosphate groups by addition of 0.01 units of calf intestinal 
phosphatase 5-15 minutes before the digestion time was complete. Vector and 
insert DNA samples were phenol extracted and ethanol precipitated. 5-15ng 
insert DNA were ligated with vector DNA over a range of molar ratios 1:1 - 1:3 
in 10l reaction volumescontaining 20mM Tris-HC1 pH 7.6, 5mM MgCl2 and 
5mM DTT, supplemented with 1mM ATP, and incubated overnight at 4°C. 
Cohesive end ligations were achieved with 0.01 units of T4 DNA ligase. The 
ligation products were then transformed into E. coli. 
2.7.1.2 Transformation into E.coli 
imI of an overnight culture of the appropriate bacterial strain (HB101) was used 
to inoculate lOOnil L-broth and grown at 37°C with shaking until the OD 
reached 0.45-0.55. The culture was chilled on ice for 10 minutes, the cells 
pelleted by centrifugation (2Krpm, 10 minutes, 4°C) and resuspended in lOmi 
TSB (lg PEG, 0.5m1 DMSO, 100l 1M MgC1 2, 1001il 1M MgSO4, made up to lOmi 
with L-broth). The mixture was incubated on ice for 10 minutes, and then 100 .il 
were added to each ligation sample and incubated on ice for 30 minutes. A 
further 900Lil of TSB supplemented with 20mM glucose was added and the 
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mixture incubated at 37°C for 1 hour. 100-200d of each transformation mixture 
were plated on L-agar supplemented with the appropriate antibiotic and 
incubated at 37°C overnight 
2.7.2 Preparation of plasmid DNA 
2.7.2.1 Small-scale Preparation of Plasmid DNA 
Rapid preparation of plasmid DNA was carried out by modification of the 
method of Birnboiin and Doly (1974). 
A 5ml culture of bacteria containing the plasmid required was grown overnight 
in L-broth supplemented with the appropriate antibiotic. A 1.5ml aliquot of this 
culture was pelleted in a microfuge (12Krpm, 1 minute) and the supernatant 
discarded. The cells were resuspended in lOOiil of 50mM glucose, 10mM EDTA, 
25mM Tris-HC1 (pH 8.0). lOi&l of lysozyme (10mg/mi) were added, and the 
suspension was vortexed and then incubated on ice for 5 minutes. 150il of 0.2M 
NaOH, 1% SDS were added, and the mixture incubated on ice for 5 minutes. 
This was followed by the addition of 150l of 3M NaAc (pH 5.5) and incubation 
on ice for 5 minutes before phenol extraction and ethanol precipitation. 
2.7.2.2 Large-scale Extraction of Plasmid DNA 
A 5m1 overnight culture of the bacteria containing the plasmid required was 
used to inoculate 500m1 L-broth supplemented with the appropriate antibiotic, 
and this was grown overnight with shaking at 37°C. The cells were pelleted in 
a Sorvall RC-5B centrifuge (SKrpm, 5 minutes) and resuspended in lOmi of ice 
cold 50mM glucose, 10mM EDTA, 25mM Tris-HC1 (pH 8.0) with the addition of 
2001.Ll (5mg/mi) lysozyme. After the suspension was incubated on ice for 5 
minutes, 20m1 of 0.5M NaOH, 1% SDS were added with vigorous mixing and 
incubated on ice for 5 minutes, after which 15m1 of 3M NaAc (pH 5.5) were 
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added and the mixture incubated on ice for 60 minutes. After centrifugation 
(12Krpm, 20 minutes) the supernatant was phenol extracted twice, chloroform 
extracted once and ethanol precipitated. The DNA was pelleted (12Krpm, 20 
minutes) and resuspended in lOmi TB buffer, and then lOg CsC1 and lini of 
10mg/mi ethidium bromide were added. The resulting solution was centrifuged 
in a Sorvall OTD 50B ultracentrifuge at 38Krpm for 48 hours at 18°C. The DNA 
bands were visualised using UV illumination and the lower plasmid band 
collected. Ethidium bromide was removed by extration with CsCl saturated 
butan-2-ol and the DNA ethanol precipitated. 
2.8 DNA AND RNA TECHNIQUES 
2.8.1 Restriction Endonuclease Digestion of DNA 
DNA was digested with a 2-4 fold excess of the appropriate restriction enzyme, 
in buffers provided by the suppliers for at least 60 minutes at an incubation 
temperature of 37°C. In general RNase A was added to 0.1 &g/ml to remove any 
RNA from the reaction which could inhibit the DNA restriction. 
2.8.2 Agarose Gel Electrophoresis of DNA 
Agarose gels were made and run in 1 x TBE gel buffer. Ethidium bromide was 
added to a concentration of 0.5mg/mi to both the gel and the running buffer. 
DNA samples were mixed with one tenth volume of DNA loading buffer (50% 
(vlv) glycerol, 0.25% (w/v) Bromophenol blue), heated to 65°C for 5 minutes and 
snap cooled on ice before loading on the gel. 
Mini-gels were cast and run in a Cambridge Biotechnology model CB1000 mini-
gel apparatus. Larger gels were cast and run in home-made gel kits. 
Electrophoresis was carried out at 1OV/cm unhi DNA fragments were well 
separated. 
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After electrophoresis DNA bands were visualised on a Chromato-Vue C-70G 
UV viewing system (254nm short wavelength and 265nrn long wavelength). 
2.8.3 Isolation of DNA Fragments from Gels 
2.8.3.1 Low Melting Point Gel Slices 
DNA was electrophoresed on gels made with low melting point agarose and 
the desired fragment cut from the gel under UV ifiumination (254nm short 
wavelength and 265nrn long wavelength). DNA in the low melting point slices 
was radiolabelled by boiling the slice to denature the DNA and then adding the 
necessary reaction components before the gel had fully set. In this case the 
labelling reaction was allowed to proceed overnight. 
2.8.3.2 Isolation of DNA Fragments using DEAE Membranes 
DNA was electrophoresed on gels made with Miles Seachem agarose and a slot 
was cut below the required fragment. A square of DEAE membrane was 
:moistened with NET (150mM NaCl. 0.1mM EDTA, 20mM Tris-HC1 pH 8.0) and 
inserted into the slot. The required fragment was run onto the membrane at 
10V/cm for 10 minutes and the membrane was transferred to 300il HNET (1M 
NaCl, 0.1mM EDTA, 20mM Tris-HC1 pH 8.0). It was incubated at 65°C for 20 
minutes with intermittent vortexing to release the DNA from the membrane. 
The DNA sample was phenol extracted and ethanol precipitated before use. 
2.8.4 Agarose Gel Electrophoresis of RNA 
1.3% agarose gels were made and run in 1 x MOPS buffer, and formaldehyde 
added to 17.3% (v/v). RNA samples were added to an equal volume of 
formaldehyde sample buffer (FSB) and heated to 65°C for 5 minutes, then snap 
cooled on ice. 0.25 volumes of Ficoll-dye-EDTA (FDE) were added and the 
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samples immediately loaded onto the gel. These gels were run submerged in 
home-made gel kits at 1OV/cm for 3-4 hours. Svzqts 	 'X 
O ç 	%St\ 	 pr 
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2.8.5 Southern Transfer of DNA onto Nylon Membrane Filters (Southern, 1975). 
DNA samples were electrophoresed in gels prepared with Miles Seachem 
agarose and photographed under UV. The agarose gel was transferred into 
0.25M HU for 30 minutes to depurinate (this step is not necessary for DNA 
fragments less than 10Kb in size). The gel was rinsed with distilled water and 
then placed in denaturation buffer (1.5M NaCl, 0.5M NaOH) for 30 minutes 
with shaking. The gel was again rinsed with distilled water and then placed in 
neutralisation buffer (15M NaC1, 0.5M Tris-HC1 pH7.2, 1mM EDTA) for 30 
minutes with shaking. 
A blotting paper wick was placed on a platform with the ends of the wick 
immersed in a reservoir of 2 x SSC. The wick was thoroughly moistened and 
the gel inverted and placed on top. A sheet of Hybond-N membrane filter 
(Amersham) of the same dimensions as the gel was placed on top, followed by 
three sheets of blotting paper moistened in 2 x SSC, taking care to avoid air 
bubbles at each step. Further layers of dry blotting paper, also of the same 
dimensions as the gel were laid on top to a thickness of 5cm, a sheet of perspex 
was placed over this and a weight of 0.754Kg applied to the stack This 
capifiary blot transfer was allowed to proceed for at least 16 hours before 
carefully dismantling the stack The ifiter was washed briefly in 2 x SSC and 
allowed to air dry for 1 hour. DNA was fixed onto the ifiter by UV crosslinking 
in a UV light box (Chromato-Vue C-70G, UV viewing system) with the DNA 
side towards the UV light for 5-10 minutes and finally sealed in a plastic bag for 
storage. 
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2.8.6 Northern Transfer of RNA onto Nylon Membrane Filters (Thomas, 1980) 
RNA samples were electrophoresed in formaldehyde gels prepared with Miles 
Seachem agarose and without further treatment were set up for a capifiary blot 
onto Hybond-N membrane ifiters using a reservoir of 20 x SSPE. The transfer 
was allowed to proceed for at least 16 hours and the ifiter was not washed 
before air drying and UV crosslinking. The ifiter was sealed in a plastic bag for 
storage. 
2.8.7 Colony/Plaque Transfer onto Nylon Membrane Filters 
Colonies or plaques were produced on agarose plates incubated at 37°C and 
transferred to 4°C to harden the agarose. Circular Hybond-N membrane filters 
were carefully placed on the plates and the orientation of the ifiter marked 
using a sterile needle. After 1 minute the ifiters were placed colony/plaque 
uppermost on a stack of blotting paper soaked in denaturing solution (15M 
NaCl, 05M NaOH) for 7 minutes. The ifiters were then transferred to a stack 
of. blotting paper soaked in neutralising buffer (15M NaCl, 05M Tris-HC1 
pH7.2, 1mM EDTA) for 2 x 5 minutes. The ifiters were washed in 2 x SSC, 
allowed to air dry and the DNA fixed by UV crosslinking. 
2.8.8 Radioactive Labelling of DNA for Hybridisation with Filters 
DNA was labelled with 32P-dCTP by random priming (Feinberg and Vogeistein, 
1984). The DNA to be labelled was denatured by boiling for 5 minutes and snap 
cooled on ice. Between 50-200ng of DNA was labelled in a total reaction volume 
of 501.l containing 1011 oligo-labelling buffer (OLB, see solutions), ipi 20mWml 
BSA, 20-50pCi 32P-dCTP and 5 units Kienow fragment of DNA polymerase I. The 
reaction was incubated at room temperature for 5-16 hours. 
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The efficiency of radioactive labelling was measured by precipitation with tn-
chioroacetic acid (TCA). One aliquot from the reaction mixture was added to 
200i.il distilled water containing 10.ig BSA and this was incubated on ice for 10 
minutes. TCA was added to 10% (w/v) and the precipitate collected on 2.5cm 
Whatman CF/C glass fibre circles using a Buchner funnel equipped with a 
water pump. The ifiters were washed with 5% (w/v) TCA and dried. Another 
aliquot from the reaction mixture was spotted directly onto a glass fibre filter 
and dried. Each ifiter was inserted into a scintillation vial, immersed in 
scintillant (6g(L butyl-PBD in toluene) and the radioactivity measured using a 
liquid scintillation spectrometer (Intertechnique SL 3000). The percentage 
incorporation of label was estimated by comparison of the two values, and 
probes with an incorporation of 50-100% and 107-109cpni/g DNA were 
considered suitable for use. 
2.8.9 Hybridisation of Southern Transfer Filters and Colony/Plaque Transfer Filters 
Filters were prehybridised in heatsealable polythene bags (Krups Vacupac) at 
65°C for a minimum of 1 hour in hybridisation solution (5 x SSC,5 x Derthardt's 
solution, 0.5% SDS and lOpg'ml denatured sonicated salmon sperm DNA). This 
prehybridisation solution was replaced with fresh hybridisation solution and 
the denatured radioactive probe added. Hybridisation was allowed to proceed 
at 65°C overnight, or at 60°C when lower stringency conditions were required, 
after which the solution was removed. The ifiter was washed with 2 x SSC, 
0.19o' SDS at room temperature for 2 x 15 minutes, 2 x SSC, 0.1% SDS at 65°C 
for 2 x 15 minutes and then 0.1 x SSC, 0.1% SDS at 65°C for 2 x 30 minutes. This 
last washing step was omitted when lower stringency conditions were required. 
The filter was partially dried and sealed in a fresh polythene bag for 
autoradiography. 
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2.8.10 Hybridisation of Northern Transfer Filters 
Prehybridisation and hybndisation of Northern blot ifiters was carried out in 
5 x SSPE, 5 x Denhardt's solution, 0.5% SDS ,50% formamide and 10g/m1 
denatured sordcated salmon sperm DNA at a temperature of 42°C overnight 
The ifiters were washed with 2 x SSPE, 0.1% SDS at room temperature for 2 x 
15 minutes and then 0.1 x SSPE, 0.5% SDS at 42°C for 2 x 30 minutes. The filters 
were partially dried and sealed in fresh polythene bags for autoradiography. 
2.8.11 Autoradiography 
Autoradiography of radioactively probed ifiters was carried out by placing the 
ifiter in contact with Cronex 4 (DuPont) X-ray film in light-proof cassettes at - 
70°C. Filnis were developed in an Agfa 1 automatic film processor. 
2.8.12 Stripping Filters of Probes 
Before reusing .a Southern or Northern transfer ifiter the previous radioactive 
probe was removed by boiling in 0.1% SDS. Autoradiography was used to 
check that the probe had been successfully removed. 
2.9 LOCALISATION OF GENOMIC CLONES TO DROSOPHILA 
CHROMOSOME SQUASHES 
2.9.1 Drosophila Third Instar Larval Salivary Gland Chromosome Squashes 
Larvae were grown on yeast food in uncrowded conditions at 18°C until they 
reached late third instar, and individuals were picked that had not yet everted 
their spiracles. They were dissected in 45% acetic add and the salivary glands 
transferred to a drop of lacto-aceto orcein stain (1 volume 2% Gurr's orcein 
natural in concentrated lactic add : 1 volume 2% Gurr's orcein natural in 
concentrated glacial acetic add: 1 volume water). Staining was allowed for 3-5 
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minutes, then the drop diluted with lacto-acetic acid (1 volume concentrated 
lactic add : 2 volumes water: 3 volumes glacial acetic add) and the glands 
transferred to a drop of lacto-acetic add on a gelatin-coated slide. A siliconised 
coverslip was placed over the glands and gentle pressing and tapping was used 
to spread the chromosomes, followed by heavy pressing to flatten them. The 
slide was then dipped into liquid nitrogen and the coverslip removed quickly. 
The slides were placed in cooled 95% ethanol for at least 1 hour to dehydrate 
the chromosomes, and they were then stored dry at 4°C until use. 
2.9.2 3H-Labelling DNA by Nick Translation 
0.5-1 pg DNA to be labelled was added to a nick translation buffer giving 50mM 
Tris-HC1 (pH 7.5), 10mM MgSO 4, 0.1mM DTF, 50pg/ml BSA in the final reaction 
volume. 25pCi 3H-dCTP and 25pCi 3H-dTTP were added along with 0.03mM 
unlabelled dGTP and dATP. ipi lpg/ml DNase I was added and the mixture 
incubated at 37°C for 15 minutes, then 5 units of DNA polymerase I was added 
and the mixture incubated at 16°C for 3 hours. The probe was ethanol 
precipitated twice in the presence of lOpg of tRNA and resuspended in 
hybridisation mix (4 x SSC, 1 x Denhardt's solution, 10% dextran sulphate). 
2.9.3 Pretreatment of chromosomes 
The slides were placed in 2 x SSC preheated to 65°C and incubated at 65°C for 
30 minutes. The chromosomes were dehydrated through containers of 70% 
ethanol and 96% ethanol, allowed to air-dry, denatured for 3 minutes in 0.07M 




The probe in hybridisation mix was boiled for 5 minutes, cooled on ice, then 10-
100ng labelled DNA added to each chromosome squash and the slide covered 
with a coverslip. The edges of the coverslip were sealed with "Cow Gum" and 
the slides placed in a sealed chamber lined with blotting paper soaked in 2 x 
SSC for hybridisation at 58°C overnight. 
2.9.5 Washing 
The "Cow Gum" was peeled off and the slides placed in 2 x SSC prewarmed to 
53°C in which the coverslip floats off. The slides were incubated in 2 x SSC at 
53°C for 1 hour with several changes of solution, then dehydrated through 
ethanol and allowed to air dry. 
2.9.6 Autoradiography 
In a dark room an aliquot of flhord L4 film emulsion was melted in a slide-
dipping chamber clamped in a waterbath at 42°C and an equal volume of 2 1yo 
glycerol added. The slide holding the probed chromosome squash was dipped 
into the film emulsion and allowed to drain dry before being sealed in a light-
proof box for storage at 4°C for 3-4 weeks. 
2.9.7 Developing the Autoradiograph 
In a dark room the slide was dipped in D-19 developer for 3 minutes, 1% acetic 
acid for 30 seconds, hardener (7.5g chromic potassium sulphate, 15g anhydrous 
sodium sulphate, in 250nil water) for 1 minute, water for 30 seconds, Hypam 
fix for 5 minutes and finally water for 10 minutes. 
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2.9.8 Microscopy 
Giemsa stain stock solution (0.5g Giemsa, 33m1 water, 33m1 methanol) was 
diluted 1:20 in 10mM sodium phosphate buffer (pH 6.8). Slides were dipped in 
the Giemsa stain for 3-5 minutes until the chromosomes were lightly stained 
and were then observed through the microscope under phase contrast The 
tritium hybridisation signals were observed as silver grains in the film plane of 
view and the position of this hybridisation was determined with respect to the 
Giemsa-stained chromosome banding patterns. Drosophila has four chromosome 
pairs: chromosome pairs 1-3 are large, chromosome pair 4 is small. Chromosome 
1 is the X-chromosome, there is a very small Y-chromosome which does not 
polytenise and can not therefore be seen. Each chromosome has a unique 
banding pattern by which it can be identified and these banding patterns have 
been mapped carefully such that hybridisation signals can be given a 
meaningful genomic map location. 
2.10 LOCALISATION OF SPECIFIC RNAS TO DROSOPHILA TISSUES (Tautz 
and Pfeffle, 1989). 
2.10.1 Preparation of tissues 
Eggs were collected and washed with water before being dechorionated in a 
solution of 3% sodium hypochlorite for 2-3 minutes. They were then washed 
with 0.19o' Triton X-100 and again water. 
Ovaries were dissected from 2-3 day old females in Ringer's solution using 
watchmaker's forceps. The other adult female tissues and all adult male tissues 
were exposed by cutting through the external cuticle. 
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2.10.2 Paraformaldehyde fixation 
Tissues were placed in vials containing 1.6 ml of 0.1 M Hepes, pH 6.9, 2 mM 
MgSO4, 1 mM EGTA, pH 8.0. To this was added 0.4 ml 20% paraformaldehyde 
solution. For the fixation of eggs 8 ml heptane were also added. The vials were 
rotated on a revolving wheel for 20 minutes, then the aqueous phase was 
removed and 10 ml methanol were added. The tissues were transferred to 1.5 
ml Eppendorfs and washed with a solution of 90% methanol and 10% EGTA 
(ME). The tissues were then refixed and dehydrated in a series of 5 minute 
treatments with ME and PP (4% paraformaldehyde in phosphate buffered 
saline, PBS, which is 130 mM NaC1 and 10 mM sodium phosphate, pH 7.2) at 
ratios of 7:3, 1:1, and 3:7 ME:PP, followed by PP alone for 20 minutes. The 
tissues were washed with PBS for 10 minutes. 
2.10.3 Pretreatment 
All pretreatment steps were carried out at room temperature in 1.5 ml 
Eppendorf tubes on.a revolving wheel. The tissues were washed 3 times for 5 
min each in PBT (PBS, with 0.1 % Tween 20). They were then incubated for 3-5 
min in 50 g/ml Proteinase K in PBS, and this digestion was stopped by 
incubating for 2 min in 2 mg/nil glycine in PBT. The tissues were washed twice 
for 5 nun each in PBT, refixed in 4% paraformaldehyde in PBS for 20 mm, and 
washed 3 times for 10 min each in PBT. 
2.10.4 Digoxigenin-labelling DNA 
The DNA to be labelled was denatured by boiling for 5 minutes and snap 
cooled on ice. Between 500-1000 ng DNA were labelled with digoxigenin-dUTP 
by random priming (Feinberg and Vogeistein, 1984) using the components of 
the Boehringer Kit for at least 1 hour at 37°C. The labelled DNA was 
precipitated with 1/10 volume 4 M LiC1 and 3 volumes ethanol for at least 1 
hour at -20°C. Centrifugation pelleted the DNA which was washed with 70 % 
ethanol and vacuum dried before being resuspended in 50 pl TE. Usually 150-
250 ng labelled DNA is synthesised. 
2.10.5 Hybridisation and washing 
The hybridisation solution (HS) consisted of 50% formamide, 5 x SSC, 50 pg/nil 
heparin, 0.1% Tween 20 and 100 pg/mI sonicated salmon sperm DNA. The 
tissues were washed for 20 min in 1:1 HS:PBT then for 20 min in HS at room 
temperature. Prehybridisation was then carried out in HS at 45°C for 20 nun. 
The labelled DNA was denatured by boiling for 5 minutes, then snap cooled 
and added to the tissues at a concentration of about 500 ng/ml. Hybridisation 
was allowed to proceed overnight at 45°C. The tissues were washed at room 
temperature in 20 minute steps with HS:PBT ratios of 4:1, 3:2, 2:3 and 1:4, and 
then washed twice for 20 minutes in PBT. 
2.10.6 Immunological detection of bound DNA 
Tissues were incubated for 1 hour at room temperature on a revolving wheel 
with 500 pl antibody-conjugate solution (anti-digo)dgenin, conjugated to 
alkaline phosphatase, supplied with the Boehringer Kit, freshly diluted 115,000 
in PBT). Tissues were washed 4 times for 20 minutes each in PBT, then 3 times 
for 5 minutes each in 100 mM NaCl, 50 mM MgC1 2, 100mM Tris pH 9.5, 1 mM 
Levamisole (an inhibitor of lysosomal phosphatases), 0.17o Tween 20. The 
tissues were transferred to microtitre plates with 500 pl of the above solution. 
2.25 11NBT and 1.75 pl X-phosphate solution (supplied with the Boehringer Kit) 
were added with thorough mixing, and the subsequent colour reaction was 
allowed to proceed in the dark for 10-60 minutes. The colour reaction was 
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stopped with the addition of PBT and the hybridisation signals to tissues were 
observed under the microscope. 
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ISOLATION OF FIVE 'FEMALE-SPECIFIC" 
DROSOPHILA MELANOGASTER GENOMIC CLONES. 
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CHAPTER 3: ISOLATION OF FWE "FEMALE-SPECIFIC" DROSOPHILA 
MELANOGASTER GENOMIC CLONES 
3.1 	INTRODUCTION: Devising a screen to isolate new genes encoding sex-specific 
transcripts, 1984 (Smith and Bownes, unpublished) 
The initial analysis of mutations that affected sex determination in Drosophila 
melanogaster indicated that the somatic sex determination genes, Sxl, tra, tra-2 and 
ix were active in chromosomal females and inactive in chromosoinal males (for 
example see Baker and Belote, 1983). It was known that germline sex determination 
and differentiation were under a different regulatory pathway than the somatic sex 
determination hierarchy (Marsh and Wieschaus, 1978), and a number of these 
determination genes were also expected to have sex-specific activities. The female-
specific production of yolk protein (from ovaries and from the somatic tissue, the 
fat body) was already being reported to be regulated at the level of transcription 
of the yp genes, or stability of their transcripts, and the genes encoding the chorion 
proteins required for egg production were known to encode ovary-specific 
transcripts. Sexual determination and differentiation both in somatic and germline 
tissues was therefore expected to involve genes with "on/off" sex-specific expression. 
Strategies for the cloning of new genes with roles in sex determination and sexual 
differentiation were devised based upon the assumption that such genes would 
have "on/off' 1 sex-specific expression. A number of research groups carried out 
differential cDNA screening of Drosophila genomic libraries, some of which have 
proved to be successful in the identification of new genes with sex-specific 
expression (as described in Chapter 1). However, a differential screen using cDNA 
from whole fly RNA would be expected to identify many genes which are 
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expressed in the gonadal tissue, induding the yolk protein genes and chorion protein 
genes which have already been isolated. This turned out to be the case for the 
screens described in Chapter 1 which isolated a number of male-specific genes with 
gonadal sex-specific expression, and a number of female-speiflc genes, all but two 
of which proved to be reisolates of yolk protein and chorion protein genes (Walldorf 
et aL, 1985; Schafer, 1986; DiBenedetto et al., 1987; Monsina and Wolfner, 1988). The 
two new female-specific genes were named Fl, which encodes a ribosomal 
-  elongation factor and has no obvious sex-specific role, and the gene encoding ft 
241, which is germ line-specific. 
An adaptation of the differential screen strategy was developed for the isolation of 
new genes which displayed non-gonadal sex-specific gene expression (Figure 3.1; 
Smith and Bownes, unpublished, 1984) with the aim of isolating genes which may 
be under the continual control of the somatic sex determination hierarchy (Figure 
1.5). Gonadal tissues were dissected away from adult Oregon R wild type 
Drosophila melanogaster leaving what Lwill referto as carcass tissue, and used in the 
extraction of sex-specific poly(A) RNA. As it was considered that the abundance 
of yolk protein gene transcripts in female-specific RNA would make it unlikely that 
genes with female-specific expression other than the yolk protein genes would be 
isolated, the female-specific carcass poly(A) RNA was hybridised with cloned yolk 
protein gene DNA and passed through hydroxyapatite to remove the double 
stranded molecules, presumably all of the yolk protein gene transcripts. 
Radioactively labelled cDNA was produced from the sex-specific mRNA and used 
in a differential screen of a Drosophila melanogaster genomic library in the vector 
Charon 4 (Maniatis, 1978). Genomic clones hybridising with either the female-
specific or male-specific cDNA were isolated and rescreened with the sex-specific 
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Figure 3.1: Strategy for a differential cDNA screen to isolate genes encoding sex-
specific transcripts expressed in non-gonadal tissues of Dmsophila melanogaster 
(Smith and Bownes, unpublished). 
Gonadal tissue was dissected away from sexed adult Drosophila melanogaster and the 
remaining non-gonadal tissue used to prepare sex-specific poly(A) RNA. 
The female-specific RNA was hybridised with doned yolk protein gene DNA and passed 
through hydroxyapatite to remove the double stranded molecules, presumably all of 
the yolk protein gene transcripts. 
Radioactively labelled cDNA was produced from the sex-specific niRNA and used in 
a differential screen of a Drosophila melanogaster genoniic library in the vector A Charon 
4 (Maniatis, 1978). 
Genomic clones hybridising with either the female-specific or male-specific cDNA were 
isolated as putative genes encoding non-gonadal sex-specific transcripts. 
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cDNA. After rescreening and plaque purification eight clones were identified which 
hybridised only with female-specific cDNA, I will refer to these as putative female-
specific dones (dones putatively encoding female-specific or female-enriched 
transcripts), and seven dones were identified which hybridised only with male-
specific cDNA, which I will refer to as putative male-specific clones. This thesis 
describes the characterisation of five of the putative female-specific clones isolated 
in this screen: Xfsl, Xfs3, .Us4, )..fs6 and Xfs7. 
The library used for the differential screen was constructed from Drosophila 
melanogtzster genomic DNA which was mechanically sheared and size-selected (to 
produce an average fragment size of 20 kb) before being inserted into the I Charon 
4 vector via Eco RI linkers. The resulting genomic library has an average insert size 
of 16 kb (Maniatis, 1978) though ).. Charon 4 can carry inserts ranging from 8.2 kb - 
22.2 kb (Blattner et al., 1977). The restriction enzyme Eco RI can be used to 
separate the insert DNA from the I vector arms (left arm 19.9 kb, right arm 11.0 kb) 
and also reveals a number of Eco RI sites internal to the insert DNA which were 
protected by methylation during library construction. 
3.2 	Are the female-specific clones reisolates of known female-specific genes with 
- non-gonadal expression? 
DNA from the female-specific clones was digested with Eco RI, Southern blotted 
and probed with cloned DNA from the three yolk protein genes. None of the yp 
probes hybridised with the newly isolated genomic clones (data not shown) 
showing that they were not reisolates of these female-specific genes. A probe of 
DNA from the gene Fl (Walldorf et al., 1985) also failed to hybridise to the newly 
EIM 
isolated clones showing that they were not reisolates of this adult female-specific 
gene. 
3.3 	Do the genomic clones hybridise with sex-specific transcripts? 
Eco RI digested DNA from the genomic dones was electrophoresed through 
agarose, Southern blotted and probed separately with cDNA produced from the 
mRNA of adult male and female Drosophila melanogaster, including the gonadal 
tissue, to determine whether the genomic DNA would hybridise with sex-specific 
cDNA, though not necessarily of carcass origin. The Southerns induded control 
DNA from the cloned Alcohol dehydrogenase (Adh) gene which is expressed in both 
sexes of adult Drosophila and DNA from one of the doned yolk protein genes (yp2) 
which is only expressed in adult females. 
Female-specific cDNA hybridised strongly with the Adh and yp2 DNA. It also 
hybridised with the 4.2 kb and relatively strongly with the 3.5 kb Eco RI fragments 
of done )fs1, with the 4.5 kb and 1.8 kb (partial digest product) Eco RI fragments 
of done Xfs6, and with a 2.5 kb Eco RI fragment of done Afs7 (Figure 3.2, Panel A). 
Male-specific cDNA hybridised strongly with the Adh DNA but did not hybridise 
with the yp2 DNA showing that the cDNA was not contaminated with female 
• cDNA. It also hybridised with a 3.5 kb Eco RI fragment of done )1.fsl but not with 
the DNA of the other genoniic clones (Figure 3.2, Panel B). 
No hybridisation of male-specific or female-specific cDNA was seen to clones fs3 
or Afs4. 
These hybridisation results indicate that the dones Afsl, Afs6 and Xfs7 do indeed 
encode one or more female-specific or female-enriched transcripts, though not 
necessarily of carcass origin, and that clone )..fsl also encodes one or more non-sex- 
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Figure 3.2: Hybridisation of sex-specific cDNA probes with DNA from putative 
female-specific genomic clones. 
Identical Southern blots A and B were prepared for 5g Eco RI digested (unless 
otherwise stated) DNA from the following samples: 
1 = cloned Akohol dehydrogenase gene (Hind ifi) 
2 = Afsl 




7 = Afs6 
8 = Afs7 
9 = Xfs8 
10= cloned yolk protein 2 gene (Hind ifi). 
Autoradiograph of Southern blot hybridised with a probe of female-specific 
cDNA. 
Female-specific cDNA hybridised strongly with the Adh and yp2 DNA. It also 
hybridised with the 4.2 kband relatively strongly with the 3.5 kb Eco RI fragments of 
clone )Js 1, with the 4.5 kb and 1.8 kb (partial digest product) Eco RI fragments of 
clone )fs 6, and with a 2.5 kb Eco RI fragment of clone )fs 7. There was also 
hybridisation to DNA from clones Afs2 and ).fs5. 2.0 è10j 
Autoradiograph of Southern blot hybridised with a probe of male-specific cDNA. 
Male-specific cDNA hybridised strongly with the Adh DNA but did not hybridise with 
the yp2 DNA showing that the cDNA was not contaminated with female cDNA. It also 
hybridised with a 3.5 kb Eco RI fragment of clone ).fs 1 but not with the DNA of the 
other genomic clones. 20 &j 
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Figure 3.3: Hybridisation of sex-specific cDNA probes with DNA from putative 
female-specific genomic clones. 
A: Autoradiograph of Southern blot hybridised with a probe of female-specific 
cDNA. 
A Southern blot was prepared for 5.Lg Eco RI digested DNA from the following 
samples: 
1 = Xfsl 
2=Xfsl 
3 = Afsl 
4 = Afs3 
5 = Ifs4 
6 = Xfsl. 
Female-specific cDNA hybridised with the 4.2 kb, 3.5 kb and one of the 1.7 kb Eco RI 
fragments of clone )fs1, and with the 2.7 kb (partial digest product) and 2.5 kb Eco RI 
fragments of Xfs3. 
B: Autoradiograph of Southern blot hybridised with a probe of male-specific cDNA. 
A Southern blot was prepared for 5ig Eco RI digested DNA from the following 
samples: 
1=).fsl 
2 = Xfs2 
3 = )fs3 
4 = Afs4 
5 = Afs5 
6 = ).fs6 
7 = Afs7 
8 = )..fs8 
9 = cloned a-tubulin DNA. 
Male-specific cDNA hybridised with the cc-tubulin DNA and to the 3.5 kb Eco RI 
fragment of clone )..fsl. 
The distances migrated by DNA fragments of known size . DNA digested with Hind 















encodes no transcripts in adult male or female Drosophila or could mean that any 
encoded transcripts are present at levels too low to be detected by this technique. 
Figure 3.3, Panel B shows another example of Southern blotted DNA from the 
genomic dones, and control DNA from the doned a-tubulin gene, which has been 
hybridised with male-specific cDNA. There is hybridisation of the male-specific 
cDNA to the ec-tubulin DNA and to the 3.5 kb Eco RI fragment of done )..fsl as 
before. No hybridisation of male-specific cDNA has been seen to DNA from any 
of the other genornic dones. 
The hybridisation of female-specific cDNA to these genomic dones suggests that 
the screening procedure employed by Bownes and Smith (1984) was successful in 
the isolation of genes encoding female-specific transcripts, though not necessarily 
of carcass origin. The following chapters describe the work done to identify these 
transcripts by Northern analysis and to tharacterise their expression patterns. 
it is interesting to note that, in the Southern analysis described above, hybridisation 
of female-specific cDNA but not male-specific cDNA was also seen to the DNA 
from two other female-specific genomic dones )..fs2 and )Js5 (Figure 3.2, Panels A 
and B, Figure 3.3, Panel B). These clones have been shown to contain genes 
encoding ovary-specific transcripts (Brenda Grimes, PhD thesis). 
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CHARACTERISATION OF CLONE ).fsl. 
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CHAPTER 4: CHARACTERISATION OF CLONE Afsl 
	
4.1 	Restriction analysis of Afsl 
Eco RI digestion of DNA from done Afsl separates the genomic insert DNA from 
the A Charon 4 vector arms (left arm 19.9 kb, right arm 11.0 kb) and also reveals 
restriction sites within the genomic insert producing restriction fragments of 4.2 kb, 
35 kb and a doublet of 1.7 kb. Single and double enzyme digests were used to 
determine the arrangement of restriction sites within the done (Figure 4.1, Panel 
A). This mapping was facilitated by the redoning of the 4.2 kb Eco RI fragment into 
the plasniid vector pGemini-1 (pGEM-1) thus allowing an independent restriction 
map of this fragment to be produced. This done will henceforth be referred to as 
pGEM-fslA (Figure 4.1, Panel B). 
4.2 	Is Afsl an independent isolate? 
The strategy used to produce the Drosophila melanogaster genomic library from 
which Afsl was isolated utilised random shearing of genomic DNA to produce the 
appropriate size-range of fragments for library construction, followed by insertion 
into the A Charon 4 vector via Eco RI linkers (Maniatis, 1978). As a result of this 
the Eco RI restriction sites which are used to separate vector and insert DNA are 
not native to the genomic DNA making it more difficult to identify overlapping 
dones of a single genomic origin by their restriction maps.. 
To determine whether Afsl was an independent isolate from the differential screen, 
the DNA from this clone (including vector arm DNA) was racliolabelled and 
hybridised to a Southern blot of Eco RI digested DNA from all of the female-
specific clones. The probe cross-hybridised with the vector arms (19.9 kb and 11.0 
Figure 4.1: Restriction map of clone Afsl and a subclone of the 4.2 kb Eco RI 
fragment of Afsl. 
Restriction map of clone ).fsl. 
open boxes indicate ).. Charon 4 vector arm sequences 
Restriction map of pGEM-fslA, a subclone of the 4.2 kb Eco RI fragmemt of ).fsl. 
open boxes indicate pGenüni vector sequences 
















kb) of all of the clones due to the vector DNA within the probe, but there was no 
cross-hybridisation with the insert DNA from other dones (Figure 4.2, Panel A) 
proving that done )fs1 does not overlap with the other female-specific dones and 
was therefore an independent isolate. 
4.3 	Does clone Afsl contain repetitive sequences? 
A Southern blot of Eco RI digested DNA from Afsl was hybndised with a probe 
prepared from the genomic DNA of Drosophila melanogaster. This is a standard test 
for the detection of repetitive DNA sequences which make up about 30% of the 
Drosophila genome and would therefore be present at sufficient levels in the probe 
to produce a hybridisation signal by autoradiograph analysis. The genomic DNA 
probe hybridised to the 3.5 kb and one of the 1.7 kb Eco RI fragments from ).fsl 
(Figure 4.2, Panel B) indicating the presence of repetitive DNA in these fragments. 
During restriction analysis of )..fsl the 3.5 kb Eco RI fragment was shown to be 
adjacent to one of the 1.7 kb Eco RI fragments (Figure 4.1, Panel A) and 
it is most probable that there is a single repetitive element present in .3..fsl which 
spans the Eco RI restriction site separating these two fragments. However, it is also 
possible that there is more than one copy of a single repetitive element, or that 
there is more than one class of repetitive element present in )fs1, different elements 
being found in the 3.5 kb and 1.7 kb Eco RI fragments, which might not necessarily 
be adjacent within ).fs1. 
The 3.5 kb Eco RI fragment of )fs1 was isolated from an agarose gel, radiolabelled 
and hybridised to a Southern blot of Eco RI digested genomic DNA from male and 
female Drosophila melanogaster. The probe was shown to hybridise with multiple 
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Figure 4.2: Characterisation of Afsl DNA 
A: Hybridisation of a Afsl probe with DNA from female-specific genomic clones. 
A Southern blot was prepared for 5g Eco RI digested (unless otherwise stated) DNA 
from the following samples: 
1 = ) DNA (Hind III) 
2 = cloned Alcohol dehydrogenase DNA (Hind III) 
3 = .fs1 
4 = Afs2 
5 = Afs3 
6 = )fs4 
7 = .fs5 
8 = .fs6 
9 = )..fs7 
10= Afs8 (Eco RI and Hind III) 
11= cloned yolk protein 2 DNA (Hind III). 
The probe hybridised with insert DNA from )fs1, ). Hind III DNA (1), vector arm 
DNA: 19.9 kb and 11.0 kb Eco RI fragments (3-9), and 19.9 kb, 5.7 kb and 5.4 kb Eco 
RI/I-Iind III fragments (10). 
B: Hybridisation of a probe of genomic DNA from Drosophila melanogaster with 
DNA from Afsl. 
A Southern blot was prepared for 5ig Eco RI digested DNA from: 
1 - 3 = Afsl 
The genomic DNA probe hybridised with the 3.5 kb and one of the 1.7 kb Eco RI 
fragments of Afsl. 
C: Hybridisation of a probe of the 3.5 kb Eco RI fragment from Xfsl with genomic 
DNA from Drosophila melanogaster. 
A Southern blot was prepared for 10.&g Eco RI digested genoniic DNA from: 
1 = male Drosophila melanogaster 
2 = female Drosophila melanogaster. 
The Afsl, 3.5 kb Eco RI fragment probe hybndised with multiple fragments of the male 
and female DNA. 
The distances migrated by DNA fragments of known size (A DNA digested with Hind 
III) are indicated alongside in kb. 
1 234567891011 
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fragments of the genoinic DNA (Figure 4.2, Panel C). This again demonstrated the 
presence of repetitive elements within this fragment 
Cloned DNA from a number of repetitive elements (provided by D. Finnegan, 
University of Edinburgh) was subjected to Southern blot analysis using the 3.5 kb 
Eco RI fragment from )fs1 (which contains repetitive DNA, as shown above) as a 
probe. The probe failed to hybridise with DNA from the transposable elements 297, 
mdgl, mdg3, mdg4, Doc, Jockey, BS, FB, I and P (data not shown). These repetitive 
elements must therefore be absent from the 3.5 kb Eco RI fragment and the nature 
of the repetitive DNA within Afsl remains unknown. 
4.4 In situ Hybridisation To Third Instar Larval Salivary Gland Polytene 
Chromosome Preparations 
The chromosomal location of a new clone can be useful in ensuring that the DNA 
has not already been doned and characterised by another research group, and may 
give some indication of possible roles for gene products if there are mutations in 
that region of DNA within the Drosophila melanogaster genome which affect lissues 
in which a cloned gene has been shown to be expressed. Such information is 
published by the Drosophila Information Service (DIS) and continually updated. 
As )1.fsl includes repetitive DNA which would hybridise to multiple sites in the 
genome, the whole genomic done was not an appropriate probe to identify the 
chromosomal origin of the Xfsl insert Clone pGEM-fslA, a subclone of the 4.2 kb 
Eco RI fragment of Afsl which does not include any repetitive DNA (Figure 4.2, 
Panel B), was labelled with 3H-dCTP and 3H-dTTP and used to probe third instar 
larval salivary gland polytene chromosome preparations. A hybridisation signal was 
detected on the left arm of chromosome 3 (3L), but the exact location could not be 
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determined. Robert Saunders (University of Dundee) kindly repeated the 
hybridisation to polytene chromosome preparations using digoxigenin-labelled 
DNA from the done pGEM-fslA and accurately determined the genomic origin of 
this done as 61C1-3 on the cytological map of Drosophila melanogaster chromosome 
3. In this region of chromosome 3L are found PRD gene 2 (Frigerio et al, 1986) at 
position 61C, and extramacrochaete (einc; Ellis et a!, 1990), at position 6105-8. )Jsl 
does not appear to be a reisolate of either of these genes as they do not have the 
same restriction maps or expression patterns as done Ifs1. it is interesting to note 
that position 61C1,2 was one of the 60 discreet polycomb protein binding sites on the 
Drosophila chromosomes identified in the studies on in vivo binding of this protein, 
a known regulator of homeotic genes, using antibody detection on chromosome 
preparations (Zink and Paro, 1989). This could be binding of the protein to DNA 
sequences involved in the regulation of PRD gene 2, emc, or another, as yet 
undiscovered, gene, but it could be possible that the polycomb protein was involved 
in the regulation of a gene included within clone Xfsl. 
4.5 	Detection of sex-specific transcripts encoded by Xfsl 
As described in Chapter 3 adult female-specific cDNA hybridises with the 4.2 kb, 
-. 3.5 kb and one of the 1.7 kb Eco RI fragments of ).fsl, and adult male-specific 
cDNA hybridises with the 3.5 kb Eco RI fragment of )fs1 (Figure 3.2, Panels A and 
B; Figure 3.3, Panels A and B). This indicates that ).fsl encodes at least one female-
specific transcript and at least one male-specific or non-sex-specific transcript. The 
expression by )..fsl of sex-specific transcripts was further investigated by Northern 
analysis. DNA from Xfsl (including vector arm DNA) was hybridised with 
Northern blotted poly(A) RNA from male and female Drosophila melanogaster but 
M. 
failed to identify any transcripts (data not shown). It was assumed that the 
labelling of the entire clone length of 42.0 kb including vector arms, of which 
maybe only a short stretch would represent coding sequence, would not produce 
a probe of high enough specificity to detect the encoded transcripts. Separate Eco 
RI fragments from the insert DNA of the done were therefore radiolabelled and 
used as probes for Northern analysis of transcripts. 
4.6 	Detection of transcripts encoded by the 3.5 kb EcoRI fragment of Afsl 
The 3.5 kb Eco RI fragment of )i.fsl which hybridised most strongly with adult 
female-specific cDNA and also hybridised with male-specific cDNA was isolated 
from an agarose gel and used to probe Northern blotted poly(A) RNA prepared 
from various stages of development of Drosophila melanogaster. This included eggs, 
first, second, early and late third instar larvae, pupae, 2-3 day old adult males and 
females, and hand-dissected adult female carcasses and ovaries (Figure 4.3, Panel 
A). The.probe hybridised with two transcripts of 3.0 kb and 2.5 kb in the RNA from 
adult males, which may be present in reduced amounts in the RNA from adult 
females, but no transcripts were detected in the RNA from hand-dissected female 
carcasses and ovaries. A control probe of Drosophila Adh DNA hybridised to the 
same Northern blot showed that there was more adult female than adult male 
RNA present (Figure 4.3, Panel B), indicating that the 3.0 kb and 2.5 kb transcripts 
encoded by the 3.5 kb Eco RI fragment of )..fsl are male-enriched transcripts. 
Transcripts of the same size as these adult male-enriched transcripts were observed 
in the RNA from early third instar larvae (Figure 4.3, Panels A) which shows that 
these transcripts are expressed during at least one other developmental stage, but 
does not rule out their expression at other stages of development as the failure to 
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Figure 4.3: Detection of transcripts encoded by the 3.5 kb Eco RI fragment of Afsl. 
A Northern blot was prepared for 5g poly(A) RNA from the following tissue 
samples: 
1= eggs 
2 = first and second instar larvae 
3 = early third instar larvae 
4 = late third instar larvae 
5 = pupae 
6 = adult males 
7 = adult females 
8 = hand-dissected female carcasses 
9 = hand-dissected ovaries 
A: Autoradiograph of Northern blot hybridised with a probe of the 3.5 kb Eco RI 
fragment of )..fsl. 5 day exposure. 
B: Autoradiograph of Northern blot hybridised with a probe of cloned Drosophila 
Adh DNA. 5 hour exposure. 
A Northern blot was prepared for 5.&g po1y(A) RNA from the following tissue 
samples: 
1 = hand-dissected ovaries 
2 = hand-dissected female carcasses 
C: Autoradiograph of Northern blot hybridised with a probe of the 3.5 kb Eco RI 
fragment of Afsl. 5 day exposure. 
D: Autoradiograph of Northern blot hybridised with a probe of cloned Adh DNA. 5 
hour exposure. 
















detect them may be due to reduced quantities of RNA in the tracks on the 
Northern representing these other stages. The hybridisation of the control probe 
of DNA from the Drosophila Adli gene to the same Northern blot (Figure 4.3, Panel 
B) shows that there is more RNA present from early third Instar larvae than from 
other stages of development. 
The 3.5 kb Eco RI fragment probe also hybridised quite strongly with ribosomal 
RNA which had not been completely removed during the selection for poly(A) 
RNA (Figure 4.3, Panel A). This hybridisation to ribosomal RNA was observed in 
all developmental stages, the intensity of the signal generally reflecting the loading 
effect of the quantity of RNA present in each track, as demonstrated by the 
Drosophila Adh probe (Figure 4.3, Panel B). 
As described, no transcripts were detected in the RNA from hand-dissected female 
carcasses and ovaries in this Northern analysis (Figure 4.3, Panel A). However; 
because female-specific cDNA had already been shown to hybridise with the 3.5 
kb Eco RI fragment of Xfsl (Figure 3.2, Panel A; Figure 3.3, Panel A) the 
investigation of transcripts in female RNA was continued. An increased quantity 
of poly(A) RNA from hand-dissected ovaries and carcasses was Northern blotted 
and hybridised with the 3.5 kb fragment probe. Again no transcripts were identified 
in this female-specific RNA, but there was non-specific hybridisation to ribosomal 
RNA (Figure 4.3, Panel C). The use of a control probe of Drosophila Adh DNA again 
demonstrates the integrity and loading of the RNA on the Northern blot (Figure 
4.3, Panel D). If there are no transcripts from the 3.5 kb fragment detectable in 
adult female RNA then a possible explanation of the strong hybridisation of female-
specific cDNA to the 3.5 kb Eco RI fragment of )fsl could be that this is binding 
of sequences within the cDNA to the repetitive DNA elements within this 
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fragment. If this were the case, the hybridisation of female-specific cDNA to the 1.7 
kb Eco RI fragment of )Jsl (Figure 3.3, Panel A) might also be due to the presence 
of repetitive elements within the fragment. However, if such repetitive elements are 
present within the transcribed sequences represented by cDNA in high enough 
numbers to produce such a strong hybridisation signal, then a particularly strong 
smear of hybridisation would be expected when Northern blotted RNA was probed 
with DNA such as that from the 3.5 kb Eco RI fragment of Afsl which contains the 
repetitive elements. This does not seem to be the case in the Northern analysis 
carried out with the 3.5 kb Eco RI fragment of Afsl. 
4.7 	Detection of transcripts encoded by the 4.2 kb Eco RI fragment of Afsl 
The 4.2 kb Eco RI fragment of )Lfsl, which only hybridises with female-specific 
cDNA (Figure 3.2, Panel A; Figure 3.3, Panel A) and contains no repetitive DNA 
(Figure 4.2, Panel B) was considered to be an appropriate probe for the detection 
of female-specific transcripts. The subclone of this fragment, referred to as pGEM-
fslA (Figure 4.1, Panel B), was used to probe Northern blotted poly(A) RNA from 
adult male and adult female Drosophila melanogaster (Figure 4.4, Panels A and B). 
It was shown to hybndise to a 3.0 kb non-sex-specific transcript, a 2.5 kb transcript 
which is present in the mRNA of both sexes but appears to be female-enriched, 
and a 1.5 kb female-specific transcript The female-enriched 2.5 kb transcript and 
the female-specific 1.5 kb transcript were particularly abundant and would be 
sufficient to explain the detectable hybridisation of female-specific cDNA to the 4.2 
kb fragment of Afsl. On the Northern blots some non-specific hybridisation can 
also be seen to the ribosomal RNA which has not been completely removed during 
the selection process for poly(A) RNA. The loading of RNA was tested with a 
Figure 4.4: Detection of transcripts encoded by the 4.2 kb Eco RI fragment of Ifs1 
A Northern blot was prepared for 5g po1y(A) RNA from the following tissue 
samples: 
1 - 2 = adult females 
3 -4 = adult males 
Autoradiograph of Northern blot hybridised with a probe of pGEM-fslA, the 
subclone of the 4.2 kb Eco RI fragment of Afsl. 24 hour exposure. 
Autoradiograph of Northern blot hybridised with a probe of pGEM-fslA. 5 day 
exposure. 
Autoradiograph of Northern blot hybridised with a probe of Drosophila Adh DNA. 
5 hour exposure. 
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control probe of Drosophila Adh DNA (Figure 4.4, Panel C) which showed that there 
was more female RNA present than male RNA. The two exposures of the 
hybridisation signals from the 4.2 kb Eco RI fragment probe are intended to address 
this problem. The signal intensity in the female RNA track on the short exposure 
(Figure 4.4, Panel A) can be compared more easily with the signal intensity in the 
male RNA track on the longer exposure (Figure 4.4, Panel B). 
This data shows that the genomic clone ).fsl includes at least one region encoding 
transcripts with female-specific expression. The spatial and temporal expression of 
this gene or genes was further investigated by Northern analysis. 
Whether the female-specific and female-enriched transcripts encoded by the 4.2 kb 
Eco RI fragment of Afsl are present in female gonadal or non-gonadal tissue was 
investigated by probing Northern blotted poly(A) RNA from hand-dissected 
ovaries and carcasses of adult female Drosophila melanogaster with pGEM-fslA 
(Figure 4.5, Panel A). The 3.0 kb non sex-specific and 2.5 kb female-enriched 
transcripts were only detectable in the mRNA from ovaries, while the 1.5 kb 
female-specific transcript was detectable in the mRNA from ovaries and carcasses, 
being more abundant in the carcass mRNA. The use of a control probe of 
Drosophila Adh DNA showed that there was more ovary RNA present than female 
carcass RNA (Figure 4.5, Panel B) which indicates that the 1.5 kb female-specific 
transcript is indeed expressed at a higher level in the female carcass tissue than in 
the ovary. 
A developmental proffle of mRNA from eggs, first instar larvae, second instar 
larvae, early and late third instar larvae, pupae and sexed adults was Northern 
blotted and probed with pGEM-fslA to investigate the temporal expression of the 
transcripts encoded by this fragment (Figure 4.6, Panels A and B). The 3.0 kb and 
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Figure 4.5: Detection of transcripts encoded by the 4.2 kb Eco RI fragment of Xfsl 
A Northern blot was prepared for 5g po1y(A) RNA from the following tissue 
samples: 
1 = hand-dissected ovaries 
2 = hand-dissected female carcasses 
Autoradiograph of Northern blot hybridised with a probe of pGEM-fslA, the 
subdone of the 4.2 kb Eco RI fragment of Afsl. 5 day exposure. 
Autoradiograph of Northern blot hybridised with a probe of Drosophila Adh DNA. 
5 hour exposure. 







Figure 4.6: Detection of transcripts encoded by the 4.2 kb Eco RI fragment of Afsl 
A Northern blot was prepared for 5ig po1y(A) RNA from the following tissue 
samples: 
1= eggs 
2 = first instar larvae 
3 = second instar larvae 
4 = early third instar larvae 
5 = late third instar larvae 
6 = pupae 
7 = adult females 
8 = adult males 
Autoradiograph of Northern blot hybridised with a probe of pGEM-fslA, the 
subclone of the 4.2 kb Eco RI fragment of Afsl. 24 hour exposure. 
Autoradiograph of Northern blot hybridised with a probe of pGEM-fslA. 5 day 
exposure. 
Autoradiograph of Northern blot hybridised with a probe of Drosophila Adh DNA. 
5 hour exposure. 














2.5 kb transcripts 	 in the inRNA from adult males and females, the 
signals being 	in the female RNA, and also in the RNA from eggs, first 
instar larvae and early third instar larvae. The 1.5 kb female-specific transcript was 
again observed in the RNA from adult females, but not that from adult males, and 
was also detected in the RNA from eggs, first instar larvae and early third instar 
larvae. The failure to detect the transcripts in the mRNA from other stages may 
have been due to reduced levels of mRNA present from these stages, which was 
verffied by the hybridisation signal from a control probe of Drosophila Adh DNA 
used on the same Northern blot (Figure 4.6, Panel C) shows that there is more 
RNA present from eggs, first instar larvae and particularly from early third instar 
larvae. Interestingly, the pGEM-fslA probe detects a new and abundant transcript 
of 4.0 kb in the mRNA of eggs, first instar larvae and early third instar larvae 
(Figure 4.6, Panels A and B). The transcript appears to be particularly abundant in 
egg mRNA. 
4.8 In situ Hybridisation to Whole Tissues from Drosophila melanogaster Using 
Digoxigenin-Labelled DNA 
The technique for detection of transcripts by digoxigenin-labelled probes on whole 
tissue preparations (asopposed to tissue sections) was originally designed and used 
on early embryos (Tautz and Pfeffle, 1989). The use of the technique on whole 
adult tissues had not yet appeared in the literature and therefore some verification 
was required for the success of using this technique on these tissues. To ensure 
that the inclusion of vector DNA within a probe would not produce unacceptable 
background signals a variety of tissues were hybridised with control probes of 
digoxigenin-labelled DNA from X and plasmid vectors. Some hybridisation was 
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observed to the digestive tracts of adult Drosophila melanogaster presumably due to 
the presence of bacteria within the gut (data not shown), but no other 
hybridisation was observed in the tissues to be investigated such as the abdominal 
fat body cells which line the abdominal cuticle (Figure 4.7, Panel A), ovarian tissues 
(Figure 4.8, Panels A and B). Hybridisation of the control probe of A and plasmid 
DNA to embryo tissue preparations showed a non-specific binding of the probe to 
the developing tracheal passages which are beginning to open (Figure 4.8, Panel 
C). 
To demonstrate that transcripts could be detected within adult tissues preparations 
using this technique, hybridisation studies were done using a cloned gene with a 
known expression pattern. A digoxigenin probe from the yolk protein gene yp3 
showed a hybridisation signal in the abdominal fat body cells of adult females 
known to express the yps (Figure 4.7, Panel B) and hybridisation with ovarian 
tissue gave a hybridisation signal for the yp3 probe consistent with the known 
expression of the yps, that is in the fofficle cells surrounding the developing oocyte 
from stages 8-10 of oogenesis onwards (Figure 4.9, Panels A and B), some slight 
background hybridisation can also be seen to the sheath around the ovary (Figure 
4.9, Panel B). 
4.9 In situ Hybridisation to Whole Tissues Using Digoxigenin-Labelled DNA from 
the 3.5 kb Eco RI Fragment of Afsl 
The 3.5 kb Eco RI fragment of Xfsl was labelled with digoxigenin-dUTP and 
hybridised with whole tissue preparations from adult male and female Drosophila 
melanogaster. No hybridisation signals were detected in the tissues of males or the 
carcass tissues of females. Faint colouration was observed in the ovary tissue 
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Figure 4.7: 
In situ hybridisation to female abdominal carcass tissue using digoxigenin-labelled 
). and plasmid DNA showing that there is no non-specific hybridisation. (x 100) 
In situ hybridisation to female abdominal carcass tissue using digoxigenin-labelled 
yp3 DNA showing hybridisation (arrowed) to abdominal fat body tissue. (x 100) 
fb = fat body 






In situ hybridisation to ovary tissue using digoxigenin-labelled A and plasmid 
DNA showing that there is no non-specific hybridisation within the germarium and 
stages 1 - 9 of oogenesis. x 200 
In situ hybridisation to ovary tissue using digoxigenin-labelled A and plasmid 
DNA showing that there is no non-specific hybridisation within stages 10-11 of 
oogenesis. x 100 
In situ hybridisation to embryo tissue using digoxigenin-labelled A and plasmid 
DNA showing that there is non-specific hybridisation (arrowed) to the tracheal 
passages, but not to other tissue. x 100 
t = tracheal passage 
o = oocyte 
nc = nurse cells 













In situ hybridisation to ovary tissue using digoxigenin-labelled yp3 DNA showing 
the germarium and stages 1 - 9 of oogenesis. X 200 
In situ hybridisation to ovary tissue using digodgenin4abeI1ed yp3 DNA showing 
the whole ovary with a range of oogenic stages. X 50 
Hybridisation (arrowed) is seen within the posterior fofficle cells for stages 8 - 10 of 
oogenesis, and there is some non-specific hybridisation to the ovary sheath. 
o = oocyte 
nc = nurse cells 
fc = fofficle cells 
5 = sheath 
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Figure 4.10: Light microscopic appearance of the oogenic stages represented within 
the ovary of Drosophila melanogaster. 
Reproduced from Mahowald and Kambysellis, 1980. 
Germarium and stages 1 - 7 (magnification x 380). are pictured as viewed by phase 
contrast. 
Stages 8 - 14 (magnification x 100) are pictured as viewed by bright field microscopy. 
M = muscle sheath of ovary which has been removed. 
C = germarium 
ON= oocyte nucleus 
N = nurse cells 
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preparations, being present in oocyte and nurse cells (Figure 4.11, Panels A, B and 
C), but this was not considered to be a significant signal in comparison with the 
negative control probe of X and plasmid DNA to ovary tissue (Figure 4.8, Panels 
A and B). No hybridisation signals were observed in embryos. 
4.10 In situ Hybridisation to Whole Tissues Using Digoxigenin-Labelled DNA from 
the 4.2 kb Eco RI Fragment of Afsl 
pGEM-fslA was labelled with digoxigeriin-dUTP and hybridised with whole tissue 
preparations from adult male and female Drosophila melanogaster. No consistent 
hybridisation signals were seen in carcass tissue of males or females (data not 
shown), but there was hybridisation to the ovary tissue of adult females (Figure 
4.12, Panels A, B and C). There is a faint hybridisation signal in stage 9 and early 
stage 10 oocytes (Figure 4.12, Panel A) in a spherical form which could represent 
accumulation of a transcript around the oocyte nucleus, as opposed to within the 
nucleus, because the sphere presented by this hybridisation signal appears to be 
larger than the expected size of the oocyte nucleus itself. There is a stronger 
hybridisation signal in the nurse cells from stage 10 onwards (Figure 4.12, Panel B) 
and the hybridisation is particularly strong to the degenerating nurse cell nuclei 
at stage 12 of oogenesis (Figure 4.12, Panel C). This strong hybridisation to the 
degenerating nurse cells may be due to an increase in penetration of the probe as 
the cells degenerate, or an increase in the concentration of the transcripts as the 
nurse cell volume decreases. This would seem more likely than an increase in gene 
expression at a stage when the role of the nurse cells in supporting the developing 
oocyte is coming to an end. 
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Figure 4.11: Detection of transcripts encoded by the 3.5 kb Eco RI fragment of Afsl 
A, B and C: In situ hybridisation to ovary tissue using digoxigenin-labelled DNA 
from the 3.5 kb Eco RI fragment of Afsl showing stages 1 - 11 of oogenesis. )C 100 
Faint hybridisation (arrowed) is seen within the nurse cells at stages 10 and 11, and 
possibly also within the oocyte. 
0 = oocyte 
nc = nurse cells 
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Figure 4.12: Detection of transcripts encoded by pGEM-fslA, the subclone of the the 
4.2 kb Eco RI fragment of )..fsl 
In situ hybridisation to ovary tissue using digoxigenin-labelled pGEM-fslA DNA 
showing stages 1 - 9 of oogenesis. Xl 00 
Hybridisation (arrowed) is seen within the oocyte at stage 9. 
In situ hybridisation to ovary tissue using digoxigenin-labelled pGEM-fslA DNA 
showing stages 10 and 11 of oogenesis. Xl 00 
Hybridisation (arrowed) is seen within the nurse cells. 
In situ hybridisation to ovary tissue using digoxigenin-labelled pGEM-fslA DNA 
showing stage 12 of oogenesis.XIOO 
Hybridisation (arrowed) is seen to the degenerating nurse cell nudei. 
o= oocyte 
nc = nurse cells 
fc = follicle cells. 
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Digoxigerün-labelled DNA from pGEM-fslA was also used in whole tissue 
hybndisations to embryos as described in Tautz and Pfeifle, 1989 (Figure 4.13, 
Panels A, B and C). In the early to middle stages of dorsal closure eight abdominal 
stripes of hybridisation are seen as well as a non-specific signal within the tracheal 
tubes which are just beginning to open (Figure 4.13, Panel A). As the tracheae fill 
this non-specific signal is detected in the extending tracheal branches and this is 
assumed to be binding of the probe within the hollow tubes (Section 4.8; Figure 
4.9, Panel C). At this stage there are three posterior stripes of hybridisation within 
the abdomen while the anterior abdominal hybridisation stripes are no longer 
detected (Figure 4.13, Panel B). Just before the larva is ready to hatch there is a 
strong non-specific signal detected in the now extended tracheal system of the egg, 
three posterior abdominal stripes of hybridisation are visible and two head stripes 
of hybridisation are apparent within the developing embryo (Figure 4.13, Panel C). 
4.11 Isolation of cDNAs from an Ovary cDNA Library 
An ovary cDNA library in the vector ).gtll (produced by P. Sullivan, D. Joseph and 
L. Kalfayan, University of North Carolina) was screened with pGEM-fslA. From 
50,000 plaques screened three positive signals were obtained and phage were 
picked from the appropriate areas of the library plates. These were replated and 
after secondary and tertiary screening well-separated plaques were identified which 
hybridised with pGEM-fslA. The three positive cDNA clones will be referred to as 
AovlAi, ii and iii. 
An adult female cDNA library in the vector )gt10 (produced by L.M. Kauver, B. 
Drees, S. Poole and T. Komberg, University of California) was also screened with 
pGEM-fslA with the aim of isolating cDNAs representing the non-gonadal as well 
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Figure 4.13: Detection of transcripts encoded by pGEM-fslA, the subclone of the the 
4.2 kb Eco RI fragment of Afsl 
In situ hybridisation to embryo tissue using digoxigenin-labelled pGEM-fslA 
DNA showing the early to middle stages of dorsal dosure. X 200 
Hybridisation (small arrows) is seen to abdominal segments in the form of stripes. 
There is non-specific hybridisation (large arrow) to the tracheal tubes (refer to Figure 
4.8, Panel C). 
In situ hybridisation to embryo tissue using digoxigenin-labelled pGEM-fslA 
DNA showing the later stages of dorsal closure.X 200 
Hybridisation (small arrows) is seen to four posterior abdominal segments. 
There is non-specific hybridisation (large arrow) to the tracheal tubes. 
In situ hybridisation to embryo tissue using digoxigenin-labelled pGEM-fslA 
DNA showing the stage just before the larva is ready to hatch.X 200 
Hybridisation (small arrows) is seen as three posterior abdominal stripes, which could 
be continuations of tracheal tubes. 
There is hybridisation (small arrows) to two head segments. 
There is non-specific hybridisation (large arrow) to the tracheal tubes. 
t = tracheal system 
a = anterior 
p = posterior. 
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as the gonadal transcripts encoded by the 4.2 kb Eco RI fragment of )Jsl. From 
500,000 plaques screened no positive signals were obtained. The reasonable 
abundance of the female-specific transcripts means that there is a high probability 
for these transcripts to be represented in this number of plaques from a cDNA 
library. The inability to identify cDNAs for these transcripts may therefore reflect 
W\ttc 
a defidency in the library used for the screen. This library is known to be 
with ,p*., has very small inserts and has been unsuccessfully screened for female-
specific cDNAs by other members of the group (personal communication). 
The cDNA clones AovlAi, ii and iii isolated from the ovary cDNA library were 
digested with Eco RI to separate the insert DNA from the gt11 vector arm DNA.. 
The inserts were found to be 2.9 kb, 1.9 kb and 2.7 kb for clones )ov1Ai, ii and iii 
respectively, with no internal Eco RI sites. The cDNAs are too large to represent 
the 1.5 kb female-specific transcript encoded by the 4.2 kb Eco RI fragment of Afsl, 
and so presumably either all represent the 3.0 kb transcript, or ).ovlAi and iii 
represent the 3.0 kb transcript while XovlAii represents the 2.5 kb transcript, both 
of which are expressed in the ovary. Each cDNA insert fragment was isolated from 
an agarose gel and used to probe Southern blotted DNA from Xfsl. All three 
cDNAs hybridised with DNA from the 4.2 kb Eco RI fragment of Xfsl (as expected) 
but with no other Eco RI fragments from this genomic clone (data not shown). 
This indicates that the sequences from ovary transcript(s) which are represented 
by these cDNA clones are at least in part encoded by sequences from within the 
4.2 kb fragment but not by any of the other fragments of ).fsl. As the 4.2 kb 
fragment is one of the terminal fragments of the insert from fs1 it is possible that 
some of the sequences encoding the ovary transcript(s) occur in DNA adjacent to 
the 4.2 kb fragment in the genome which are not included in done )fs1. 
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DNA from pGEM-fslA was digested with Eco RI, Hind III and a double enzyme 
combination, Southern blotted and probed with each of the cDNA inserts. The 
cDNA inserts from dones lovlAi and iii hybridised with the 0.8 kb, 1.3 kb and 2.1 
kb Hind III restriction fragments of the 4.2 kb Eco RI fragment, whereas clone 
AovlAii only hybridised with the 0.8 kb and 1.3 kb Hind ifi fragments (summarised 
in Figure 4.14, Panel A). It is possible that the cDNA dones represent the 2.5 kb 
and 3.0 kb ovary transcripts, the coding regions for which overlap (Figure 4.14, 
Panel B). it is also possible that the cDNA dones represent sequences from the 
same 3.0 kb transcript, and are not equivalent to the full-length of that transcript 
(Figure 4.12, Panel C). if this were the case it can be postulated that the 
overlapping sequences of the cDNAs represent the poly (A) end of the transcript 
which is the end most commonly represented in cDNA which has been produced 
by oligo (dT) priming. This would indicate the direction of transcription being from 
within the 2.1 kb Eco RI / Hind ifi fragment of )Jsl towards the 0.8 kb Eco RI / 
Hind ifi fragment at the terminus of the genomic done (right to left in Figure 4.12, 
Panel C). The transcription unit could include sequences not present within the 
genomic clone )J51. The transcription unit could include DNA from the adjacent 
3.5 kb Eco RI fragment of )fs1, even though the ovary cDNAs do not hybridise 
with this fragment, if the cDNAs are not the full length of the transcript(s). The 
faint hybridisation of the 3.5 kb Eco RI fragment probe to 3.0 kb and 2.5 kb 
transcripts in the RNA from females (Figure 4.4, Panel A) could be due to the 
presence of a short stretch of the coding region for the transcripts detected by the 
4.2 kb Eco RI fragment of ).fsl. In this case, the 3.0 kb and 2.5 kb transcripts 
detected by the 3.5 kb Eco RI fragment of ).fsl in the RNA of adult males may 
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Figure 4.14: 
Summary of the cross-hybridisation of cDNAs AovlAi, ii and iii with Hind Ill 
fragments of the 4.2 kb Eco RI fragment of Afsl. 
+ = cross-hybridisation. 
Model for two overlapping transcription units within the 4.2 kb Eco RI fragment 
of Afsl. 
Model for overlapping cDNAs from a single transcription unit within the 4.2 kb 
Eco RI fragment of ).fsl. 
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represent male-specific transcripts encoded by different transcription units than the 
similar sized transcripts present in the female RNA. 
Restriction mapping of the cDNA clones might reveal differences between them 
that would show that they represented different transcripts, if the restriction maps 
were the same this could indicate that the cDNAs represent the same transcript or 
different transcripts sharing large stretches of coding sequence. Electron microscopy 
studies on heteroduplex formation between cDNA sequences would show the true 
extent of sequence homology, and heteroduplex formation between cDNAs and 
genomic DNA would indicate the arrangement of introns within the genomic 
fragment. Paired sequences from cDNAs and genomic DNA could also be subjected 
to Si analysis (this enzyme removes single-stranded DNA) which would reveal the 
sizes of the introns within the genomic DNA (this is only accurate for introns 
which are represented in full within the cDNA). 
4.12 Discussion 
These data show that the genomic insert DNA of clone Afsi encodes multiple 
transcripts, most of which display a degree of sex-specific expression. The 3.5 kb 
Eco RI fragment of Xfsi encodes two adult male-specific or male-enriched 
transcripts which are also expressed in at least one other stage of development, in 
the early third instar larvae. During this stage of development the imaginal discs, 
including the genital disc, are growing rapidly to fulfil their roles as precursors of 
the adult structures and sex-specific gene expression may well indicate the role of 
these genes in the development of sexually dimorphic adult structures. It has not 
been determined in which tissues of the adult male Drosophila these transcripts are 
expressed. The inability to detect hybndisation signals for the 3.5 kb Eco RI 
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fragment probe in the tissues of adult males may indicate that these transcripts are 
expressed at low levels in a number of tissues rather than being specific to one 
tissue, for example, the testis. 
3.0 
The 4.2 kb Eco RI fragment of Afsl encodes a non-sex-specific transcript of kb, 
2..S 
a female-enriched transcript of 	kb and a female-specific transcript of 1.5 kb all 
of which are expressed in the ovary at similar levels according to the evidence from 
Northern analysis. The data from in situ hybridisation to ovarian tissue probably 
therefore represents the expression of all three transcripts in the nurse cells which 
provide the developing oocyte with nutrients and maternal developmental signals. 
This could suggest a role for the gene product(s) in the formation of Drosophila 
eggs and in the correct determination of their future development. The isolation 
of cDNAs specific to each of these transcripts should provide more specific probes 
which would give dearer results on tissue in situs and might make it easier to 
distinguish between the expression of the different transcripts in these tissues. 
However, they are likely to share long stretches of sequence and it may be 
necessary to isolate short stretches of cDNA to produce probes which are specific 
to individual transcripts. 
The expression of the 1.5 kb transcript from the 4.2 kb fragment in female carcass 
tissue represents the discovery of a new gene with female-specific expression 
within a non sex-specific tissue. This isolation of a gene with non-gonadal sex-
specific expression is exactly what was expected from the design of the differential 
screen (Smith and Bownes, unpublished, 1984; Section 3.1) and is particularly 
interesting because such a gene would be postulated to be under the continual 
control of the somatic sex determination hierarchy (Sections 1.8 and 1.12; Figure 
1.5). This could be investigated in temperature-shift experiments using XX ffies 
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homozygous for the tra-2 mutation, If Northern analysis demonstrated a reversible 
effect of these temperature-shifts on expression of the 1.5 kb transcript in the 
carcass tissue, then this expression would be said to be under the continual control 
of tra-2 and, by extension, the rest of the sex determination hierarchy. It would also 
be interesting to investigate the presence of protein-binding sequences in the 
vicinity of this coding region which share homology with the regulatory sequences, 
especially the DSX binding site, of the yolk protein genes which also exhibit female-
specific expression from somatic tissue. However, computer searches have revealed 
DSX binding site sequences in many genes, even genes with non sex-specific 
expression (Abrahamsen, Martinez, Kijar, Sondergaard and Bownes, personal 
communication). It will also be important to distinguish in which somatic tissues 
the 1.5 kb transcript is expressed to give an insight into the role of the gene 
product. The inability to detect hybridisation signals for the pGEM-fslA probe in 
female somatic tissue using the digoxigenin-labelled probes may indicate that this 
transcript is expressed at low levels in a number of tissues rather than being 
expressed at a higher level in a single tissue or it may be that the techniques 
involved in the hybridisation and detection of digoxigenin-labelled probes within 
carcass tissues are not efficient. The isolation and sequencing of a cDNA clone 
representing this female-specific somatic transcript would allow prediction of a 
protein product and give further insight into the role of this gene product as well 
as providing a more specific probe for in situ hybridisation to tissues which may 
lead to detectable hybridisation signals. 
4.0 
The 	kb egg-specific transcript encoded by the 4.2 kb fragment of Afsl is 
particularly abundant and this zygotic expression could indicate a role for the gene 
product in early developmental decisions. The hybridisation signal observed in 
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developing eggs probed with pGEM-fslA may be indicative of a segmental 
expression pattern for this transcript This might suggest a role for the gene 
product in segmentation, segment poiarity or segment identity decisions initially 
in the abdominal segments and then later in the segments of the head. However, 
another explanation is that the egg-specific transcript is present in much broader 
domains within the embryo and that the segmental hybridisation pattern of the 
probe is due to thinner sections of the embryonic cuticle, which are related to 
segmental regions, allowing regional penetration of the probe and therefore 
detection of the transcript only in these regions. In situ hybridisation of pGEM-fslA 
to sections of embryos would show more accurate expression patterns within the 
embryo without the cuticle affecting the penetration of the probe to some tissues. 
If the expression of this transcript within the embryo did indeed have a segmental 
basis, then the possibility of a role for the polycomb protein in regulation of the 
gene could be investigated by looking for protein-binding sites within Afsl or in 
neighbouring genomic sequences using the techniques of gel mobffity shift and 
DNase I footprinting assays. The isolation of a cDNA representative of the 5.0 kb 
egg transcript from )fs1 would mean that more specific probes could be produced 
for Northern analysis and in situ hybridisation to tissue preparations. Sequence 
analysis of the cDNA would allow some prediction of the nature of the gene 
product and may give a clearer insight into the role of the gene in the embryo of 
Drosophila melanogaster. 
Ultimately, it is necessary to characterise ifies mutant for this gene to determine the 
function and importance of the gene products. 
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INVESTIGATION OF CROSS-HYBRIDISATION 
BETWEEN CLONES Afs3, Xfs4, Xfs6 AND )1s7. 
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CHAPTER 5: INVESTIGATION OF CROSS-HYBRIDISATION BETWEEN CLONES 
Afs3, 164, 166 AND 167. 
	
5.1 	Introduction 
The strategy used to produce the Drosophila melanogaster genomic library from 
which these clones were isolated, as described in Section 3.1, involved mechanical 
random shearing of the genomic DNA prior to doning into the A Charon 4 vector 
via Eco RI linkers. This means that the two Eco RI restriction sites used to separate 
insert DNA from the vector arms are not native to the genomic DNA and therefore 
duplicate isolates of a gene, either in partially or almost entirely overlapping dones, 
are more difficult to identify by the sizes of their Eco RI restriction fragments, two 
of which are artificially produced. Therefore to identify duplicate isolates requires 
cross-hybridisation studies. In the investigation of whether any of the genomic 
clones isolated by the differential cDNA screen were duplicate isolates an 
interesting pattern of cross-hybridisation was observed between clones Xfs3, Afs4, 
Afs6 and Afs7. This is described in detail in this chapter and possible explanations 
discussed. 
5.2 	Cross-hybridisation between clones A1s3, Afs4, Afs6 and Afs7 under high 
stringency conditions. 
Eco RI digested DNA from the female-specific dones isolated in the differential 
screen was Southern blotted and probed, under high stringency hybridisation and 
washing conditions (Section 2.8.9), with the DNA from each clone in turn 
(including vector arm DNA). 
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The probe produced from clone )..fs6 hybridised with the vector arm DNA from all 
clones as expected and hybridised with the 4.5 kb, 3.8 kb (partial digest product), 
3.5 kb and 1.8 kb (partial digest product) Eco RI restriction fragments of Xfs6, but 
not with the insert DNA from the other clones (Figure 5.1, Panel A). 
The probe produced from clone ).fs7 hybridised with the vector arm DNA of all 
dones and with the 5.3 kb, 2.5 kb, 0.7 kb and 0.65 kb Eco RI fragments of Afs7. The 
probe also hybridised with the 5.3 kb, 2.5 kb, 0.7 kb and 0.65 kb Eco RI fragments 
of .fs3, but not with the insert DNA of any other clones (Figure 5.1, Panel B). 
The probe produced from done Xfs3 hybridised with the vector arm DNA from all 
clones and with the 5.3 kb, 3.5 kb (partial digest product), 2.5 kb, 0.7 kb and 0.65 
kb Eco RI fragments of )fs3. The probe also hybridised with the 4.5 kb, 3.5 kb, 2.5 
kb and two 0.8 kb Eco RI fragments of )fs4 and the 5.3 kb, 2.5 kb, 0.7 kb and 0.65 
kb Eco RI fragments of ).fs7, but with no insert DNA from the other clones (Figure 
5.2, Panel A). 
The probe produced from clone ).fs4 hybridised with the vector arm DNA from all 
clones and with the 6.6 kb (partial digest product), 4.5 kb, 3.5 kb, 2.7 kb (partial 
digest product), 2.5 kb and two 0.8 kb Eco RI restriction fragments of ).fs4. The 
probe also hybridised with 4.5 kb (believed to be a partial digest product), 3.5 kb 
(believed to be a partial digest product), 2.5 kb and two 0.8kb Eco RI fragments of 
)Js3, but with no insert DNA from the other clones (Figure 5.2, Panel B). 
This cross-hybridisation is summarised in Figure 5.3. 
Under high stringency conditions: 
DNA from clone )fs3 cross-hybridises with DNA from clones )fs4 and Xfs7, 
DNA from done )fs4 cross-hybridises with DNA from clone )fs3, but not with 
DNA from clone )fs7, 
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Figure 5.1: Investigation into cross-hybridisation between putative female-specific 
genomic clones. 
A Southern blot was prepared for 5g Eco RI digested (unless otherwise stated) DNA 
from the following samples: 
1 = Afsl 
2 = A1s2 
3 = ).fs3 
4 = 
5 = Xfs5 
6 = Afs6 
7 = Afs7 
8 = AfsS (Eco RI and Hind III). 
Autoradiograph of Southern blot hybridised with DNA from )Js6, including 
vector arm DNA. 24 hour exposure. 
The probe hybridised with the 4.5 kb, 3.8 kb (partial digest product), 3.5 kb and 1.8 kb 
(partial digest product) Eco RI fragments of Afs6. 
The probe also hybridised with the ). vector arm DNA: 19.9 kb and 11.0 kb Eco RI 
fragments (1-7), and 19.9 kb, 5.7 kb and 5.4 kb Eco RI/Hind III fragments (8). 
Autoradiograph of Southern blot hybridised with DNA from Xfs7, including vector 
ann DNA. 24 hour exposure. 
The probe hybriclised with 5.3 kb, 2.5 kb, 0.7 kb and 0.65 kb Eco RI fragments of Afs7 
and the 5.3 kb, 2.5 kb, 0.7 kb and 0.65 kb Eco RI fragments of Afs3. 
The probe also hyridised with the A vector arm DNA: 19.9 kb and 11.0 kb Eco RI 
fragments (1-7), and 19.9 kb, 5.7 kb and 5.4 kb Eco RI/Hind III fragments (8). 
The distances migrated by DNA fragments of known size (A DNA digested with Hind 
III) are indicated alongside in kb. 
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Figure 5.2: Investigation into cross-hybridisation between putative female-specific 
genomic clones. 
A Southern blot was prepared for 5g Eco RI digested (unless otherwise stated) DNA 
from the following samples: 
1 = Xfsl 
2 = Afs2 
3=js3 
4 = ),1s4 
5 = AfsS 
6 = .fs6 
7 = Xfs7 
8 = AfsB (Eco RI and Hind ifi). 
Autoradiograph of Southern blot hybridised with DNA from Afs3, including 
vector arm DNA. 24 hour exposure. 
The probe hybridised with the 5.3 kb, 3.5 kb (partial digest product), 2.5 kb, 0.7 kb and 
0.65 kb Eco RI fragments of Xfs3. The probe also hybndised with the 4.5 kb, 3.5 kb, 2.5 
kb and two 0.8 kb Eco RI fragments of )..fs4 and the 5.3 kb, 2.5 kb, 0.7 kb and 0.65 kb 
Eco RI fragments of Xfs7. 
The probe also hybridised with the X vector arm DNA: 19.9 kb and 11.0 kb Eco RI 
fragments (1-7), and 19.9 kb, 5.7 kb and 5.4 kb Eco RI/Hind Ill fragments (8). 
Autoradiograph of Southern blot hybridised with DNA from Afs4, including vector 
arm DNA. 24 hour exposure. 
The probe hybridised with the 6.6 kb (partial digest product), 4.5 kb, 3.5 kb, 2.7 kb 
(partial digest product), 2.5 kb and two 0.8 kb Eco RI restriction fragments of Xfs4, with 
4.5 kb (partial digest product), 3.5 kb (partial digest product), 2.5 kb and two 0.8 kb Eco 
RI fragments of ).fs3. 
The probe also hyridised with the X vector arm DNA: 19.9 kb and 11.0 kb Eco RI 
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Figure 5.3: Summary of the pattern of cross-hybridisation between clones 163, 164, 
Afs6 and Afs7. 
Under high stringency hybridisation and washing conditions (Section 2.8.9) there is 
cross-hybridisation between clones Xfs3, ),fs4 and Xfs7. 
Under low stringency hybridisation and washing conditions (Section 2.8.9) there is 
cross-hybridisation between clones )1.fs3, ).fs4, Afs6 and )Js7. 
The estimated insert sizes for each clone are indicated below. 
and 
DNA from clone Xfs7 cross-hybridises with DNA from clone )Js3, but not DNA 
from clone ).fs4. 
It is always possible that there could be a problem with cross-contamination 
between clones either at the level of bacteriophage stocks or at the level of DNA 
stocks so that, for example, DNA referred to as being from done )..fs3 could actually 
be a mixture of DNA from clones ).fs4 and ).fs7. However, bacteriophage stocks 
were replated to produce well-separated plaques and individually picked plaques 
used to prepare fresh DNA stocks to completely discount such a contamination 
problem. The results of cross-hybridisation studies with these new stocks were 
unchanged. 
It could also be possible that one or more of the clones could contain a double 
insert e.g. the insert DNA of done Afs3 could be a double insert from two DNA 
• fragments which are also represented singly within clones ).fs4 and )fs7. However, 
this potential problem was considered in the making of the genomic library. The 
randomly sheared genomic DNA was size-selected to produce a fragment length 
of 20 kb so that the length of a double insert would be greater than the capacity 
of the cloning vector (Maniatis, 1978). The library was actually shown to have an 
average insert length of 16 kb, so there was obviously some deviation from the 20 
kb fragments selected for, but it still remains extremely unlikely that any of these 
clones contain double inserts. 
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53 	Do clones Afs3, Afs4, Xfs6 or Xfs7 contain repetitive sequences? 
There is the possibility that cross-hybridisation between clones Xfs3, Afs4, )1.fs6 and 
)fs7 could be due to the presence of repetitive sequences within the genoimc insert 
DNA of the clones. To investigate this possibffity, Eco RI digested DNA from each 
clone was Southern blotted and hybridised with radiolabelled genomic DNA from 
Drosophila melanogaster, a standard test for repetitive DNA elements. This probe did 
not hybridise with the DNA from any of the clones (data not shown) showing that 
none of the dones contain repetitive sequences, and therefore repetitive DNA is 
not a factor in the cross-hybridisation between these clones. 
5.4 Do clones Xfs3, Afs4 and Xfs7 represent duplicate isolates? 
The sizes of the Eco RI fragments involved in the cross-hybridisation between 
clones are very similar and the simplest explanation for the cross-hybridisation is 
that clones .fs3, Xfs4 and )..fs7 represent overlapping genomic sequences. However, 
if )fs3, Afs4 and )..fs7 represent duplicate isolates of a single female-specific gene 
contained within three overlapping fragments, yet there is no cross-hybridisation 
between clones )..fs4 and )fs7 then ).fs4 and )Js7 must include DNA from the same 
female-specific gene without containing overlapping sequences. 
Another explanation could be that the three clones represent overlapping 
sequences within a single genomic region which contains two female-specific 
genes, clones Xfs4 and Xfs7 each containing DNA from a different female-specific 
gene by which the clone was isolated in the differential screen. 
Unfortunately, the restriction mapping of clones ).fs3 and )fs4 is incomplete, due 
to the large size of the genomic inserts and a high incidence of partial digest 
products. However, although the sizes of Eco RI restriction fragments are very 
115 
similar between clones, the clones do not appear to have identical restriction maps 
when other restriction enzymes are introduced. This would not be consistent with 
the theory that the clones represent overlapping genomic sequences. 
There is another aspect of the cross-hybridisation between dones Xfs3, Afs4 and 
)fs7 which does not appear to support a simple model for overlapping sequences. 
There is a 2.5 kb Eco RI fragment of Afs3 which appears to be involved in the cross-
hybridisation with both ).fs4 and Xfs7, and both of these dones contain a similar 
size fragment which is involved in the cross-hybridisation with Ifs3, yet the 
sequences within this 2.5 kb Eco RI fragment of Xfs3 cannot be common to all three 
dones because dones )Js4 and )..fs7 do not cross-hybridise. 
The DNA within the 2.5 kb Eco RI fragment of Afs3 could in fact be a doublet i.e. 
two fragments of very similar size, one of which cross-hybridises with the 2.5 kb 
Eco RI fragment of )fs4, the other of which cross-hybridises with the 2.5 kb Eco 
RI fragment of A.fs7. However, extensive electrophoresis of Eco RI digested DNA 
from )fs3 does not reveal such a doublet, nor does the intensity of ethidium 
bromide fluorescence under U.V., or the intensity of radioactive hybridisation 
signal from the ).fs3 probe, suggestthe presence of the quantity of DNA necessary 
to represent two fragments. This does not therefore seem to be the explanation 
behind the pattern of cross-hybridisation between the 2.5 kb Eco RI fragments of 
these clones. 
If clones ).fs3, )fs4 and )Js7 do represent overlapping sequences then the 
apparently conflicting evidence from the pattern of cross-hybridisation between the 
2.5 kb fragments could be explained by the strategy used in the production of the 
library (Section 3.1), the random shearing of the insert DNA resulting in the 
production of two Eco RI restriction fragments from each done which are not due 
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to restriction sites native to the genomic sequences. If this was the case, there is 
only one possible arrangement of the overlapping clones which would allow for 
cross-hybridisation between other fragments of the dones (Figure 5.4). 
The 2.5 kb Eco RI fragment of Afs3 cannot contain identical DNA sequences to 
those present within the 2.5 kb Eco RI fragments of dones Afs4 or Afs7. These 
fragments are both by chance of a similar size and each contain sequences identical 
to those present in other fragments of )fs3 (different for Afs4 and )bfs7), neither of 
which is 2.5 kb due to random shearing i.e. both of the terminal fragments of the 
genomic insert DNA of )fs3. The DNA within the 2.5 kb fragment of Ifs3 must 
contain sequences present in differently sized fragments of Xfs4 and )..fs7 (which 
do not overlap) produced by random shearing i.e. one terminal fragment of the 
)1.fs4 insert DNA and one terminal fragment of the Afs7 insert DNA. 
This possibffity was tested by investigating the pattern of cross-hybndisation 
between clones using the 2.5kb Eco RI fragments in isolation. 
5.4 	Cross-hybridisationbetween the 2.5 kb Eco RI fragments of Xfs3, Afs4 and 167. 
Eco RI digested DNA from clones Afs3, Afs4, ).fs6 and )fs7 was Southern blotted 
and hybridised with radiolabelled DNA from the 2.5 kb Eco RI fragments of specific 
clones which had been isolated from agarose gels. 
The 2.5 kb Eco RI fragment of )1.fs4 hybridised with the 2.5 kb Eco RI fragments of 
fs3 and ).fs4, but not with any fragments of fs7, and also hybridised weakly with 
a 2.5 kb Eco RI fragment of )..fs6 (Figure 5.5, Panel A). 
The 2.5 kb Eco RI fragment of )fs3 hybridised with the 2.5 kb Eco RI fragments of 
fspj \Jt 
).,fs3, )fs4 and Xfs7, and also"hybridised weakly with a 2.5 kb Eco RI fragment of 
Xfs6 (Figure 5.5, Panel B). 
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Figure 5.4: A model for clones .fs3, Afs4 and Afs7 representing overlapping clones, 
but accounting for the pattern of cross-hybridisation between 2.5 kb Eco RI 








p I 	 II 
II 
$ I Is 
• I 	 I, 
I I is 
• I 	is 
I I I, 
• 
II I II 
/4J I 25 
not 











Figure 5.5: Investigation into cross-hybridisation between the 2.5 kb Eco RI 
fragments of clones ).fs3, Afs4 and .Us7. 
A Southern blot was prepared for 5pg Eco RI digested DNA from the following 
samples: 
1 = ).fs6 
2=2.fsl 
3=Xfs4 
4 = .fs3 
5 = )..fs7 
A: Autoradiograph of Southern blot hybridised with a probe of the 2.5 kb Eco RI 
fragment of 164. 24 hour exposure. 
The probe hybridised with the 2.5 kb Eco RI fragment (and a 3.0 kb partial digest 
product) of )Js4, with the 2.5 kb Eco RI fragment of )fs3 and weakly with the 2.5 kb 
Eco RI fragment of )fs6, but not with any DNA from ).fs7. 
An identical, mirror-image Southern blot was prepared for 5g Eco RI digested DNA 
from the following samples: 
1 = fs7 
2 = ).fs3 
3 = fs4 
4=).fsl 
5 = )Js6 
B: Autoradiograph of Southern blot hybridised with a probe of the 2.5 kb Eco RI 
fragment of Xfs3. 24 hour exposure. 
The probe hybridised with the 2.5 kb Eco RI restriction fragment of Xfs3, with the 2.5 
kb Eco RI fragment of )fs4, with the 2.5 kb Eco RI fragment of Xfs7 and weakly with 








This shows that there is cross-hybridisation between the 2.5 kb Eco RI fragments 
of the three clones and this cannot be explained by a model of three overlapping 
clones. The additional observation of weak cross-hybridisation between the 2.5 kb 
fragments of 1fs3 and )fs4 with a 2.5 kb Eco RI fragment of clone Afs6 (Figure 5.5, 
Panels A and B) introduces another factor into the pattern of cross-hybridisation 
between clones. 
5.5 	Do clones 1fs3, Xfs4, Afs6 and 1fs7 include sequences from related genes or 
pseudogenes? 
The pattern of cross-hybridisation between these clones cannot be explained by the 
clones representing overlapping genomic sequences. Another explanation for the 
cross-hybridisation could be that the genes represent related sequences. 
Investigation of this possibility utilised a number of strategies, including low-
stringency cross-hybridisation studies, determination of the chromosomal location 
of the genomic sequences included within the clones, and electron microscopy 
studies (carried out by P. Beattie, University of Edinburgh) on heteroduplex 
formation between the DNA strands of combinations of the clones. 
5.5.1 Cross-hybridisation between clones Afs3, A1s4, Xfs6 and Afs7 under low stringency 
conditions 
Eco RI digested DNA from the female-specific clones ).fsl, )fs3, )Js4, ).fs6 and ).fs7 
was Southern blotted and probed, under low stringency hybndisation and washing 
conditions (Section 2.8.9), with the DNA from clones )%.fs3, Afs4 and Afs6 in turn 
(including vector arm DNA). 
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The probe produced from clone 1fs3 hybridised with the vector arm DNA (19.9 kb 
and 11.0 kb) of all of the clones, as expected, and with the 5.3 kb, 4.5 kb (partial 
digest product), 3.5 kb (partial digest product), 2.5 kb, two 0.8 kb, 0.7 kb and 0.65 
kb Eco RI restriction fragments of Afs3. It also hybridised with the 4.5 kb, 3.5 kb, 
2.5 kb and two 0.8 kb Eco RI fragments of )Js4, with the 5.3 kb, 2.5 kb, 0.9 kb 
(partial digestion product), 0.7 kb and 0.65 kb Eco RI fragments of )fs7, and weakly 
hybridised with the 4.5 kb, 3.5 kb, 2.5 kb and 0.8 kb Eco RI fragments of Afsó 
(Figure 5.6, Panels A and B). 
The probe produced from clone Xfs4 hybridised with the vector arm DNA and with 
the 4.5 kb, 3.5 kb, 2.5 kb and two 0.8 kb Eco RI restriction fragments of )..fs4. It also 
hybndised with the 4.5 kb, 3.8 kb (partial digest product), 3.5 kb, 2.5 kb and 0.8 kb 
Eco RI fragments of Afs6, and with the 4.5 kb (partial digest product), 3.5 kb (partial 
digest product), 2.5 kb and two 0.8 kb Eco RI fragments of )1.fs3, but it did not cross-
hybridise with any of the DNA from done Xfs7 (Figure 5.6, Panel C). 
The probe produced from clone )fs6 hybridised with the vector arm DNA and with 
the 4.5 kb, 3.8 kb (partial digest product), 3.5 kb, 2.5 kb, 1.8 kb (partial digest 
product) and two 0.8 kb Eco RI restriction fragments of )..fs6. It also hybridised with 
the 4.5 kb, 3.5 kb, 2.5 kb and two 0.8 kb Eco RI fragments of clone )Js4, and with 
the 4.5 kb (partial digest product), 3.5 kb (partial digest product), 2.5 kb and two 0.8 
kb Eco RI fragments of clone )..fs3, but did not cross-hybridise with any of the 
insert DNA from done 1fs7 (Figure 5.6, Panel D). 
This pattern of cross-hybridisation under low stringency conditions is very similar 
to that found under high stringency conditions in that clones ).fs3 and Ms4 cross-
hybridise and clones ).fs3 and ).fs7 cross-hybridise, without there being any 
observable cross-hybridisation between clones )Js4 and ).fs7. In addition there is 
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Figure 5.6: Investigation into cross-hybridisation between putative female-specific 
genomic clones under low stringency conditions. 
A Southern blot was prepared for 5g Eco RI digested DNA from the following 
samples: 
1 = Afsl 
2 = ).fs6 
3= ).DNA(Hindll1) 
4 = Afs4 
5 = Afs3 
6=Afs7 
A and B: Autoradiograph of Southern blot hybridised with DNA from Afs3, including 
vector arm DNA, under low stringency conditions. 
A: 12 hour exposure. 13: 24 hour exposure. 
The probe hybridised with insert DNA from )Js3, DNA from Xfs4, DNA from )Lfs7 and 
weakly with insert DNA from )Js6. 
The probe also hybridised with the ). Hind 111(3) and X vector arm DNA: 19.9 kb and 
11.0 kb Eco RI fragments (1-2 and 4-6). 
Autoradiograph of Southern blot hybridised with DNA from 164, including 
vector arm DNA, under low stringency conditions. 24 hour exposure. 
The probe hybridised with insert DNA from clones )fs4, Afs3 and )Js6, but not with 
insert DNA from )Js7. 
The probe also hybridised with the ).. Hind ifi (3) and X vector arm DNA: 19.9 kb and 
11.0 kb Eco RI fragments (1-2 and 4-6). 
Autoradiograph of Southern blot hybridised with DNA from 166, including 
vector arm DNA, under low stringency conditions. 24 hour exposure. 
The probe hybridised with insert DNA from clones )fs6, 1fs3 and )..fs4, but not with 
insert DNA from ).fs7. 
The probe also hybridised with the ). Hind HI (3) and ). vector arm DNA: 19.9 kb and 
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cross-hybridisation between dones )fs3 and )Js6, and between )..fs4 and )..fs6, 
without there being any observable cross-hybridisation between clones )fs6 and 
).fs7 (Figure 5.3). 
This could be consistent with a model for four related genes or pseudogenes in 
which the sequences contained within Xfs3 are diverged from but still related 
closely enough to Xfs4 and ).fs6 to cross-hybridise with Afs4 and Xfs6, and 
sequences within Afs3 are also diverged from but still related closely enough to Afs7 
to cross-hybridise with Xfs7, yet the sequences within Afs7 are sufficiently diverged 
from those within )fs4 and ).fs6 to prevent the cross-hybridisation of DNA from 
Afs7 with DNA from Ifs4 and Xfs6. The sequences present within done Afs3 could 
possibly even represent an intermediate evolutionary step in the production of a 
gene family. 
5.5.2 In situ hybridisation to third instar larval salivary gland polytene chromosome 
preparations 
DNA from clones )Js3, ).fs4, ).fs6 and )..fs7 was labelled with 3H-dCTP and 3H-dTTP 
and used to probe salivary gland polytene chromosome preparations to determine 
the chromosomal origin of the genomic insert DNA and to determine whether the 
clones hybridised to single or multiple chromosomal locations. 
The probe produced from clone )..fs3 was seen to hybridise to two chromosomal 
locations on the left arm of chromosome three (3L): 61E and 67DE (Figure 5.7, 
Panels A and B). 
The probe produced from clone Xfs4 was seen to hybridise to two sites on 
chromosome arm 3L: 64CD and 67D (Figure 5.8, Panels A and B). This was kindly 
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Figure 5.7: In situ hybridisation of 3H-labelled DNA from clone )Js3 to third mstar 
larval salivary gland polytene chromosome preparations. Xl 000 
A and B: Hybridisation (arrowed) was detected to sites 61E and 67DE on the left arm 
of chromosome 3. 
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Figure 5.8: In situ hybridisation of 3H-labelled DNA from clone Afs4 to third instar 
larval salivary gland polytene chromosome preparations. Xl 000 
A and B: Hybridisation (arrowed) was detected to sites 64CD and 67D on the left arm 
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repeated by Robert Saunders (University of Dundee) using digoxigenin-labelled 
DNA from clone )fs4 and the positions MCD and 67D were confirmed. 
The probe produced from clone Xfs6 was seen to hybridise to two locations on 
chromosome arm 3L: MCD and 79C, the hybridisation signal being much more 
intense at site 79C (Figure 5.9). This was kindly repeated by Robert Saunders 
(University of Dundee) using digoxigenin-labelled DNA from done Afs6 and the 
positions confirmed as MCD (low intensity signal) and 79C1-3, plus an additional 
site of low intensity hybridisation signal at 61C7-9. 
The probe produced from clone )fs7 was seen to hybridise to a single location near 
the tip of chromosome arm 3L, but the exact site could not be determined. This was 
kindly repeated by Robert Saunders (University of Dundee) using digoxigenin-
labelled DNA from done 1fs7 and the position determined accurately as 61E1-3 
which is assumed to be the same site as determined for the Afs3 probe (not the 
same site as determined for Xfs6 at 61C7-9). 
It can be seen that )fs3 and lfs7 share a hybridisation site at 61E, Xfs4 and ).fs6 
share a hybridisation site at MCD, and Afs3 and )Js4 share a hybridisation site at 
67DE. This would again support the theory that these dones represent related 
sequences present at at least five locations in the Drosophila melanogaster genome, 
the sequences from one site having higher homology with some sites than with 
others. 
Overlapping genomic clones would be expected to hybridise to a single, common 
chromosome location and so this hybridisation to multiple chromosome locations 
again would argue that the clones do not contain overlapping sequences. Having 
concluded this and having observed the sites to which each clone hybridised on 
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Figure 5.9: In situ hybridisation of 3H-labelled DNA from clone Xfs6 to third instar 
larval salivary gland polytene chromosome preparations. X 1000 
A: Hybridisation (arrowed) was detected to sites MCD and 79C on the left arm of 
chromosome 3. 
I - 	 J 	 S 
'C 




• 	 . 
• 	- - 	
4 
the polytene chromosome preparations, it could be postulated that the genoxmc 





with an additional site for a weak homologue to ).fsó mapping at site 61C7-9 
(Figure 5.10). 
It is interesting that the five hybndisation sites are all present on the left arm of 
chromosome 3, as was the hybridisation site for clone Afsl (Section 4.4). The 
significance of this is unknown. 
5.53 Electron microscopy studies on heteroduplex formation between the DNA strands 
of combinations of .fs3, Afs4, Xfs6 and 167. 
This work was kindly performed by P. Beattie, University of Edinburgh. When the 
DNA from two different clones is brought together, identical sequences will pair 
to form double-stranded regions and non-identical sequences will remain single 
stranded. In some instances two strands of DNA from the same clone will pair to 
form full-length duplexes, being identical throughout vector and insert sequence. 
In other instances two strands of DNA from two different dones will pair to form 
heteroduplexes, pairing occurring due to the presence of identical sequences 
throughout at least the vector DNA. The presence or absence of pairing between 
the insert sequences of the two clones will reveal any stretches of high homology 
between the clone insert DNA. The lengths of stretches of paired and unpaired 
DNA are calculated by comparison with DNA size markers: double-stranded and 
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Figure 5.10: Summary of the cKromosomal locations to which clones Xfs3, Xfs4, ).1s6 
and ).1s7 hybridise 
Full arrows represent hybridisation to the sites postulated to be the chromosomal 
origins of the clones. 
Dotted arrows represent sites to which the clones cross-hybridise. 
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single-stranded M13 which is 6.407 kb in length. Regions of double-stranded DNA 
are only visible if greater than 50 bp and regions of single-stranded DNA are only 
visible if greater than 100 bp. 
150 ng DNA from clones )Js3, Afs4, Afs6 and )fs7 were paired in the six possible 
combinations (that is 3:4, 3:6, 3:7, 4:6, 4:7 and 6:7), denatured and allowed to 
reanneal in 50% formamide and observed under the electron microscope. The six 
pairing combinations gave identical heteroduplex formations in that stretches of 
double-stranded DNA were observed separated by a stretch of two single strands 
(Figure 5.11, Panels A, B and C; Figure 5.12, Panels A, B and C). The estimated 
lengths of the double stranded regions were consistent with them being the 19.9 
kb and 11.0 kb ).. Charon 4 vector arms. The estimated lengths of the single 
stranded regions are consistent with these being the genomic insert DNA. The 
estimated insert sizes from the electron microscopy studies (EM.) were comparable 
with the estimated sizes from restriction analysis on agarose gels: 
E.M. 	 Gels 
Xfs3: 13.02 kb, 	10.75 kb 
).fs4: 13.98 kb, 	12.10 kb 
14.54 kb, 	13.90 kb 
8.58 kb. 	9.15 kb 
This data shows that high sequence homology between clones only occurs over the 
length of the X Charon 4 vector arm DNA and not over any of the length of the 
genomic insert DNA. This absence of identical sequences between clones again 
argues against the clones containing overlapping sequences, but could be possible 
if the clones contained related sequences. Heteroduplex formation allows for some 
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Figure 5.11: Electron microscope pictures of heteroduplex formation between paired 
genomic clone DNA. 
Heteroduplex formed between Afs3 and 164 DNA. Xl 0000 
Heteroduplex formed between Afs3 and fs6 DNA.X10 000 
Heteroduplex formed between ).fs3 and )1s7 DNA. Xl 0 000 
Double-stranded regions, consistent with the lengths of vector arms, are separated by 
single-stranded regions, consistent with the lengths of genomic inserts. 
The junctions between double-stranded and single-stranded regions are arrowed. 












Figure 5.12: Electron microscope pictures of heteroduplex formation between paired 
genomic clone DNA. 
Heteroduplex formed between )..fs4 and Xfs6 DNA. Xl 0000 
Heteroduplex formed between ).fs4 and Afs7 DNA.X 10 000 
Heteroduplex formed between Ifs6 and Xfs7 DNA.X 10000 
Double-stranded regions, consistent with the lengths of vector arms, are separated by 
single-stranded regions, consistent with the lengths of genomic inserts. 
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mismatch within very similar sequences (of the order of 1 bp mismatch for every 
10 bp; P. Beattie, personal communication). 
Heteroduplex formation would not have been expected for the insert DNA from 
clone Afs7 with Afs4 and .fs6, as they do not cross-hybridise under the conditions 
employed in Southern hybridisation, nor would it have been expected for the insert 
DNA from clone 1fs6 with )fs3 and Afs4, as these only cross-hybridised under low 
stringency Southern hybridisation conditions. The absence of heteroduplex 
formation between the insert DNA from clones 1fs3 and 2fs4, which do have 
sufficient homology for cross-hybridisation under the conditions employed in 
Southern hybridisation studies, shows that even these two clones cannot contain 
any stretches of sequence greater than 50 bp with as much as 907o homology. 
The presence of Eco RI restriction fragments of similar sizes between clones would 
seem to suggest a conservation in the Eco RI recognition sequences which would 
not be expected between clones with low sequence homology. it is also surprising 
to find such similarity in the sizes of Eco RI restriction fragments when at least two 
of the Eco RI fragments within each clone are not due to native restriction sites 
(due to the strategy used in production of the library). It is possible that these 
similarities occurred by chance and the sequences contained within similarly sized 
fragments are not necessarily homologous between clones. Although homology has 
been demonstrated between the 2.5 kb Eco RI fragments of cross-hybridising clones 
(Section 5.4; Figure 5.5), the sizes of restriction fragments produced from other 
restriction enzymes and double enzyme combinations show marked differences. 
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5.6 	Discussion 
The discovery of cross-hybridisation between four of the eight putative female-
specific clones isolated by the differential cDNA screen (Smith and Bownes, 
unpublished, Section 3.1) raises a number of questions. Although the initial 
assumption might have been that these four clones represented overlapping 
genomic sequences, including one or more female-specific genes, the evidence 
shows that this is not the case. The alternative explanation, which is consistent 
with the data, is that the clones represent related sequences, one or more of which 
encodes female-specific transcripts. This would involve conservation over 4 - 9 kb 
of sequence for the cross-hybridisation between )fs3 and )..fs7, and conservation 
over 8 - 12 kb of sequence for cross-hybridisation between )fs3 and )fs4, Afs3 and 
Xfs6, and between Xfs4 and )fs6. it is unusual to find sequence conservation over 
such a long stretch of DNA, as regions of conservation usually correspond to the 
coding regions of related genes. It could be possible that the related sequences 
contain genes which encode particularly large transcripts, or that there are a 
number of overlapping coding regions within each clone, or even that the coding 
sequence for a single transcript is made up of a number of well-separated 
within which the DNA is conserved while the intervening sequences are more 
diverged. These questions could be answered by sequencing stretches of the 
genoniic insert DNA from the clones, looking for sequences which are conserved 
between clones and looking for coding regions within these sequences. However, 
the electron microscope studies on heteroduplexes show that even localised 
homology is no greater than 90%. Identification of transcripts encoded by the 
genomic sequences and isolation of cDNAs complementary to these transcripts 
would facilitate mapping of the introns within the genomic insert DNA, as well as 
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estimation of the sizes of these introns. It is possible to carry out electron 
microscopy studies on heteroduplex formation between combinations of the cDNAs 
to determine whether they share sequences, and between cDNAs and genomic 
DNA to determine the arrangement of introns and exons within the gene(s). Paired 
sequences from cDNAs and genomic DNA can be subjected to Si restriction 
analysis (this enzyme removes single stranded DNA) to reveal the sizes of the 
introns within the genomic region, this only being accurate for full-length cDNA 
sequences. It might be the case that not all of the related sequences actually encode 
female-specific transcripts (or any transcripts), but are untranscribed pseudogenes 
which were isolated in the differential cDNA screen due to the homology with the 
related gene(s) which do encode transcript(s) with female-specific expression. If 
some or all of the clones do encode female-specific transcripts (or any transcripts) 
it is important to characterise such transcripts to determine whether they are 
similar in size and expression pattern. 
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CHAPTER SIX: 
DETECTION OF TRANSCRIPTS 
FROM CLONE Afs3. 
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CHAPTER 6: DETECTION OF TRANSCRIPTS FROM CLONE 1fs3 
6.1 	Introduction 
DNA from clone ).fs3 has been shown to cross-hybndise with DNA from clones 
)fs4, )fs6 and )..fs7 and these clones have been postulated to include related 
sequences (Chapter 5). Eco RI digestion separates the genomic insert DNA from 
the ).. Charon 4 vector arms and reveals a number of restriction sites within the 
insert DNA producing Eco RI restriction fragments of 5.3 kb, 2.5 kb, two 0.8 kb, 
0.7 kb and 0.65 kb. Single and double digests were performed with different 
enzymes to determine the arrangement of restriction sites within the clone. This 
restriction mapping remains incomplete due to the complexity of restriction 
pattern, but )..fs3 clearly has a different pattern of restriction sites from those 
determined for Xfs7 (Figure 9.1, Panel A) and the partial maps of )fs4 and Afs6, 
despite the apparent similarity between their Eco RI fragments. 
6.2 The genomic origin of. the DNA contained within clone Xfs3 
As described in Chapter 5, DNA from ).fs3 hybridised to two chromosomal 
locations: 61E and 67DE on the left arm of chromosome 3 (Figure 5.7, Panels A 
and B). As DNA from clone )..fs7 also hybridised to location 61E and this is 
assumed to be the genomic origin of the insert DNA from )fs7, then as 1fs3 
and Afs7 have been shown not to contain overlapping sequences (Chapter 5), 
it is assumed that the genomic origin of the insert DNA from )fs3 is 67DE. The 
u-tubulin gene is located at site 67C, but a probe of )fs3 DNA does not 
hybridise with cloned a-tubulin DNA and so does not represent a reisolate of 
this gene. 
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6.3 	Detection of transcripts encoded by 1fs3 
As described in Chapter 3 adult female-specific cDNA hybridises weakly with 
the 2.5 kb Eco RI fragment of Xfs3, plus a partial digest product of 2.7 kb, while 
male-specific cDNA does not hybridise with DNA from )Lfs3 (Figure 3.3, Panels 
A and B). This suggests that Xfs3 encodes at least one female-specific or female-
enriched transcript. This expression was investigated further by Northern 
analysis. DNA from .fs3, including vector arm DNA, was radiolabelled and 
hybridised with Northern blotted poly(A) RNA from adult male and female 
Drosophila melanogaster but failed to identify any transcripts. It was assumed that 
the labelling of the entire clone length would not produce a probe of high 
enough specificity to detect the encoded transcripts. The 2.5 kb Eco RI fragment 
known to hybridise with female-specific cDNA was isolated from an agarose 
gel, radiolabelled and hybridised with Northern blotted poly(A) RNA from 
adult male and female Drosophila melanogaster. The probe hybridised with a 
transcript of 1.0 kb in the female RNA (Figure 6.1, Panel A). A control probe of 
DNA from the Drosophila Adh gene was hybridised with the same Northern blot 
and showed that there was more RNA in the female track than the male tracks 
(Figure 6.1, Panel B), the absence of hybridisation to male-specific RNA could 
therefore represent underloading of the RNA in that track rather than the 
absence of male transcripts encoded by Afs3. 
The spatial expression of the 1.0 kb transcript in adult females was investigated 
by hybridising radiolabelled DNA from the 2.5 kb Eco RI fragment of Afs3 with 
Northern blotted poly(A) RNA from hand-dissected ovaries and carcasses from 
adult female Drosophila (Figure 6.1, Panel C). The probe detected a 1.0 kb 
transcript in the RNA from ovaries and carcasses. The hybridisation of a control 
probe of Drosophila Adh DNA (Figure 6.1, Panel D) showed that there was more 
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Figure 6.1: Detection of transcripts encoded by the 2.5 kb Eco RI fragment of 163. 
A Northern blot was prepared for 5&g poly(A) RNA from the following: 
1 = adult females 
2 -3 = adult males 
A: Autoradiograph of Northern blot hybridised with a probe of the 2.5 kb Eco RI 
fragment of ).fs3. 5 day exposure. 
B: Autoradiograph of Northern blot hybridised with a probe of Drosophila Adh DNA. 
5 hour exposure. 
A Northern blot was prepared for 5g poly(A) RNA from the following tissue 
samples: 
1 = hand-dissected ovaries 
2 = hand-dissected female carcasses 
C: Autoradiograph of Northern blot hybridised with a probe of the 2.5 kb Eco RI 
fragment of )fs3. 5 day exposure. 
D: Autoradiograph of Northern blot hybridised with a probe of cloned Drosophila 
Adh DNA. 5 hour exposure. 
A Northern blot was prepared for 5.&g poly(A) RNA from the following tissue 
samples: 
1= eggs 
2 = first and second instar larvae 
3 = early third instar larvae 
4 = late third instar larvae 
5 = pupae 
6 = adult males 
7 = adult females 
8 = hand-dissected female carcasses 
9 = hand-dissected ovaries 
E: Autoradiograph of Northern blot hybridised with a probe of the 2.5 kb Eco RI 
fragment of Afs3. 5 day exposure. 
F: Autoradiograph of Northern blot hybridised with a probe of cloned Drosophila Adh 
DNA. 5 hour exposure. 
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RNA present from ovaries than from carcasses, so the transcript may be 
expressed at higher levels in female carcass tissue than in ovary tissue. 
The temporal expression of the 1.0 kb transcript was investigated by hybridising 
radiolabelled DNA from the 2.5 kb Eco RI fragment of Ifs3 with a 
developmental proffle of Northern blotted poly(A) RNA from eggs, first and 
second instar larvae, early third instar larvae, late third instar larvae, pupae, 
sexed adults and hand-dissected ovaries and female carcasses (Figure 6.1, Panel 
The probe hybridised with a 1.0 kb transcript present in all of these stages 
of Drosophila development and in the RNA from hand-dissected female 
carcasses and ovaries. There was additional weak hybndisation to an 
approximately 2.0 kb transcript in the RNA prepared from early third instar 
larvae and to an approximately 3.0 kb transcript in the RNA prepared from 
adult ovaries. The loading of the RNA was demonstrated by hybridising a 
control probe of Drosophila Adh DNA with the Northern blot (Figure 6.1, Panel 
This showed that the signal.intensity in adult male, female, hand-dissected 
carcass and ovary RNA for the 1.0 kb transcript was closely related to the levels 
of RNA present on the Northern blot. The 1.0 kb transcript encoded by the 2.5 
kb Eco RI fragment of ).fs3 therefore appears to be expressed at all stages of 
development, in adult males and females, and in female gonadal and non-
gonadal tissue. There is no sex-specific element to the pattern of expression. 
The weak detection of additional transcripts of approximately 2.0 kb and 3.0 kb 
in the RNA from early third instar larvae and ovaries on the developmental 
proffle of RNA, which contained particularly large amounts of RNA, raises the 
possibility that DNA from )..fs3 could encode transcripts other than the 1.0 kb 
transcript. The hybridisation signals for the transcripts may be faint because 
they represent rare mRNAs or because only a part of the coding region is 
included within the 2.5 kb Eco RI fragment of ?fs3. Northern analysis of 
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transcripts encoded by these clones revealed a female-specific transcript of 2.0 
kb encoded by Xfs7 which is expressed in ovaries, and an abundant ovary-
specific transcript of 3.5 kb encoded by )fs6 which could correspond to the 
approximately sized 3.0 kb transcript detected by Afs3, raising the possibility that 
there can be cross-hybridisation between the DNA of one done with the 
transcripts of a clone containing related DNA. 
6.4 In situ hybridisation of digoxigenin-labelled DNA from the 2.5 kb Eco RI 
fragment of Afs3 to whole tissues from Drosophila melanogaster 
As described in Chapter 4, detection of transcripts was shown to be possible in 
whole tissue preparations from eggs and adult tissues, including carcass and 
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ovary tissue (Section - ). This technique therefore seemed appropriate for the 
more accurate investigation of spatial expression of the 1.0 kb transcript 
encoded by )fs3. 
DNA from the 2.5 kb Eco RI fragment of )..fs3 was labelled with digoxigenin-
dUTP and hybridised with whole tissue preparations of embryos and adult male 
and female Drosophila melanogaster; No hybridisation was seen to the carcass 
tissue of males or females, although the transcript has been shown to be 
expressed in the female carcass tissue, and there was no hybridisation to the 
testis tissue. This technique for in situ hybridisation to tissue preparations 
cannot be as sensitive for detection of transcripts as is Northern analysis. 
Hybridisation signals were seen within the ovary tissue, in which the 1.0 kb 
transcript is also expressed. Expression was detected within the nurse cells from 
stage 10 of oogenesis onwards and faintly within the developing oocyte from 
stage 10 onwards (Figure 6.2, Panels A and B). The hybridisation signal was 
particularly strong within the degenerating nurse cells at stages 12 and 13 of 
oogenesis (Figure 6.2, Panels A and C). This could be due to increased 
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Figure 6.2: Detection of transcripts encoded by the 2.5 kb Eco RI fragment of Afs3 
within the ovary. 
In situ hybridisation to ovary tissue using digoxigenin-labelled DNA from the 2.5 
kb Eco RI fragment of Xfs3 showing stages 1 - 12 of oogenesis. X 50 
Hybridisation (arrowed) is seen within the nurse cells at stage 12. 
In situ hybridisation to ovary tissue using digoxigenin-labelled DNA from the 2.5 
kb Eco RI fragment of Afs3 showing stage 10 of oogenesis. X 100 
Hybridisation (arrowed) is seen within the nurse cells, and faintly within the oocyte. 
In situ hybridisation to ovary tissue using digoxigenin-labelled DNA from the 2.5 
kb Eco RI fragment of Xfs3 showing stage 12 of oogenesis.X 100 
Hybridisation (arrowed) is seen to the degenerating nurse cells. 
0 = oocyte 
nc = nurse cells 
fc = fofficle cells. 
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penetration of the digoxigenin probe as the cells begin to degenerate, or could 
be due to an increase in the concentration of the transcript encoded by 1fs3 as 
the nurse cell volume decreases. These explanations seem more likely than an 
increase in expression at a stage at which the role of the nurse cells in 
supporting the developing oocyte is coming to an end. 
Hybridisation of the digoxigenin-labelled DNA from Afs3 to whole tissue 
preparations of embryos of various stages of development gave no detectable 
signals, although a weak hybridisation signal had been observed to the 1.0 kb 
transcript in the RNA from eggs in Northern analysis. 
In summary the 1.0 kb transcript of )..fs3 was detected within the nurse cells 
and oocytes of adult female ovaries, but not within other adult female tissues 
or within any adult male tissues although the 1.0 kb transcript has been 
detected in male and female RNA, and more specifically in ovary and female 
carcass RNA, at comparable levels by Northern analysis (Section 6.2). This 
suggests that the techniques involved in the preparation of whole tissues, in 
situ hybridisation and/or detection of digoxigenin-labelled DNA are more 
efficient for the detection of transcripts within ovarian tissue than within other 
tissues. 
6.4 	Discussion 
The genomic clone )1.fs3 encodes a transcript of 1.0 kb which is expressed at all 
stages of Drosophila development, in adult males and females. It is difficult to 
explain the isolation of such a clone by a differential cDNA screen aimed at 
detecting genes with non-gonadal female-specific expression. The hybridisation 
of female-specific carcass cDNA to the plaque lifts representing this clone in the 
differential screen and the subsequent weak hybridisation of female-specific 
cDNA to the 2.5 kb Eco RI fragment of Afs3 (Figure 3.3, Panel A), while there 
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was no hybridisation signal for male-specific cDNA (Figure 3.2, Panel B and 
Figure 3.3, Panel B), could have been the result of a slight difference in the 
efficiency of labelling or hybridisation of the female and male cDNA probes. In 
the use of sex-specific cDNA probes on Southern blotted DNA from the 
genomic clones the hybridisation signals from female-specific cDNA were 
consistently more intense than those from male-specific cDNA under the same 
conditions (for example Figure 3.2, Panels A and B). This could have been the 
case for the cDNA produced for the differential screen by Smith and Bownes 
(1984, unpublished). 
Another explanation for the isolation of Afs3 as a female-specific done in the 
differential screen could be that the hybridisation conditions for the screen 
allowed hybridisation between the DNA of Afs3 and the cDNA representing the 
female-specific transcripts of clones )fs6 and )..fs7, which cross-hybridise with 
clone ).fs3. 
The isolation of cDNAs corresponding to the 1.0 kb transcript might provide 
clearer signals on Northern blots of RNA and might detect the expression of the 
1.0 kb transcript in in situ hybridisation studies on carcass tissues of adult males 
and females. The sequencing of cDNAs from a female-specific cDNA library and 
cDNAs from a male-specific cDNA library would confirm that there are no sex-
specific differences in the transcription from this gene, but even if there were 
sex-specific differences they would not explain the isolation of this clone from 
a differential cDNA screen. 
Sequencing of a full-length cDNA would allow prediction of the protein 
product and might give an insight into the role of the )fs3 gene product within 
the fly. However, the effects of mutations within the gene would be a better 
indication of the requirement for the gene product in Drosophila. The genomic 
origin of the DNA within clone Xfs3 has been mapped to site 67DE and the 
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chromosomal region 67A-D has been analysed in some detail revealing a 
number of lethal mutations in the region 67BD which disrupt imaginal disc 
formation (Leicht and Bonner, 1988). However, there are other genes which 
map within this region of the Drosophila chromosome, including the a-tubulin 
gene which could be responsible for these effects. 
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CHAPTER SEVEN: 
DETECTION OF TRANSCRIPTS 
FROM CLONE Xfs4. 
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CHAPTER 7: DETECTION OF TRANSCRIPTS FROM CLONE 164 
7.1 	Introduction 
As described in Chapter 5, DNA from clone Xfs4 has been shown to cross-
hybridise with DNA from clones 1fs3 and Xfs6, and the DNA from clones Xfs3, 
)..fs4, )fs6 and Xfs7 are postulated to represent related sequences. 
Eco RI digestion separates the X Charon 4 vector arm DNA from the genomic 
insert DNA of Afs4 and reveals a number of internal restriction sites producing 
Eco RI fragments of 4.5 kb, 3.5 kb, 2.5 kb and two of 0.8 kb, the total genomic 
insert length being estimated as 12.10 kb. Restriction mapping of the insert 
DNA from Afs4 using single and double enzyme combinations is incomplete, 
but the pattern of restriction sites appears to be different than those for )fs3 
and ).fs6, despite the apparent similarity between their Eco RI restriction 
fragments. 
7.2 The genomic origin of the DNA contained within clone ).fs4 
The DNA from clone Xfs4 has been shown to hybridise to two sites on polytene 
chromosome preparations: MCD and 67D (Figure 5.8, Panels A and B). The 
chromosomal origin of Xfs4 is assumed to be MCD, while site 67D represents 
the chromosomal origin of 1fs3 with which Xfs4 cross-hybridises (Section 5.5.2). 
Site MCD on the left arm of chromosome 3 is also the chromosomal location of 
polycomb homology. Cloned DNA from polycomb homology (provided by R. Paro, 
University of Heidelberg) was radiolabelled and hybridised with Southern 
blotted DNA from genomic clones including Ifs4, but no hybridisation was 
observed, so Xfs4 is not a reisolate of this DNA. 
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73 	Detection of transcripts encoded by 164 
As descibed in Chapter 3, neither female-specific or male-specific cDNA has 
been shown to hybridise with DNA from )Js4 (Figure 3.2, Panels A and B; 
Figure 3.3, Panels A and B). However, as )fs4 was isolated as a putative female-
specific done there was the possibility that the insert DNA would encode a 
female-specific transcript. The Eco RI restriction fragments of Xfs4 were isolated 
from an agarose gel (to represent total insert DNA) were radiolabelled and 
hybridised with Northern blotted po1y(A) RNA from adult male and female 
Drosophila. A faint hybridisation signal was observed to a 1.5 kb transcript 
which appears to have either male-specific or male-enriched expression (Figure 
7.1, Panel A). A control probe of cloned Drosophila AdJz DNA was hybridised to 
the Northern blot to demontrate the integrity and loading of RNA (Figure 7.1, 
Panel B). 
In situ hybridisation of digoxigenin-labelled DNA from done Xfs4 to whole 
tissue preparations of Drosophila melanogaster failed to detect transcripts in 
embryos, adult males and adult females. 
7.4 	Discussion 
It appears that clone Xfs4 does not encode any female-specific transcripts and 
this raises the question of how this DNA was isolated in a differential cDNA 
screen for genes with non-gonadal female-specific expression. As discussed in 
Section 6.4, it could be possible that the hybridisation conditions conditions 
employed for the screen allowed hybndisation between the DNA of Afs4 and 
the female-specific transcripts of )Js6, the DNA from which cross-hybridises 
with Xfs4 under lowered stringency conditions. 
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Figure 7.1: Detection of transcripts encoded by the insert DNA from 164. 
A Northern blot was prepared for 5pg poly(A) RNA from the following tissue 
samples: 
1 - 2 = adult females 
3 - 4 = adult males 
Autoradiograph of Northern blot hybridised with a probe of the insert DNA 
from 164. 5 day exposure. 
Autoradiograph of Northern blot hybridised with a probe of Drosophila Adh 
DNA. 5 hour exposure. 
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CHAPTER 8: DETECTION OF TRANSCRIPTS FROM CLONE Afs6 
8.1 	Introduction 
DNA from clone )..fs6 has been shown to cross-hybridise with DNA from clones 
Xfs3 and ).fs4 and these clones have been postulated to mdude related sequences 
(Chapter 5). 
Eco RI digestion separates the genomic insert DNA of Afs6 from the X Charon 4 
vector arms and reveals a number of restriction sites within the insert producing 
restriction fragments of 4.8 kb, 3.5 kb, 2.5 kb, and a doublet of 0.8 kb. Single and 
double digests were performed with different enzymes to determine the order of 
restriction sites within the clOne. This restriction mapping remains incomplete due 
to the complexity of restriction pattern, but )fs6 clearly has a different pattern of 
restriction sites from those determined in the partial maps for Afs3 and ).fs4 
(Chapters 6 and 7) .despite the apparent similarity between their Eco RI fragments. 
8.2 The genomic origin of the DNA contained within clone Xfs6 
As described in Chapter 5, DNA from clone )..fs6 hybridises to three locations in the 
Drosophila genome (Figure 5.9): there is strong hybridisation to site 79C1-3 on the 
left arm of chromosome 3 (3L) and there is weak hybridisation to sites 61C7-9 and 
64CD also on 31, which are assumed to be the genomic locations of DNA with 
homology to )..fs6. None of the other genomic clones isolated from the same 
differential screen hybridise to site 79C1-3. Clones )Isl, )Js3 and Afs7 do show 
hybridisation to region 61, but subdivisions other than 61C7-9, and site MCD is 
assumed to be the genomic origin of )fs4. Therefore I have drawn the conclusion 
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that clone )Js6 is an independent isolate of genomic DNA from 79C1-3 which has 
homology to DNA from at least two other genomic origins. 
The genomic site 79C1-3 is close to the chromocenter of chromosome 3. Another 
gene known to be included in this region of the genome is polycomb at site 78D7-8. 
Cloned DNA from the polycomb gene (provided by R. Paro, University of 
Heidelberg) was radiolabelled and hybridised with Southern blotted DNA from 
genomic clones including clone )1.fs6, but no hybridisation signal was observed 
(data not shown) and so )fs6 is not a reisolate of the polycomb gene. 
83 	Detection of transcripts encoded by Xfs6 
As described in Chapter 3 adult female-specific cDNA hybridises with the 4.5 kb 
and 1.8 kb (partial digest product) Eco RI fragments of clone Afs6, but adult male-
specific cDNA does not hybridise with DNA from ).fs6 (Figure 3.2, Panels A and B; 
Figure 3.3, Panel B). This indicates that ).fs6 encodes at least one female-specific 
transcript. This sex-specific expression was investigated by Northern analysis. DNA 
from ).fs6, including vector arm DNA, was radiolabelled and hybridised with 
Northern blotted RNA from adult male and female Drosophila melanogaster (Figure 
8.1, Panels A and B). The probe hybridised with an abundant female-specific 
transcript of 3.5 kb, a 4.0 kb transcript present in female-specific RNA and there 
was also hybridisation with the ribosomal RNA which had not been removed in 
the process of poly(A) selection. A control probe of DNA from the Drosophila Adh 
gene was hybridised with the same Northern blot and showed that there was more 
RNA in the female track than the male track (Figure 8.1, Panel C). The two 
exposures of the hybridisation signals are intended to address this bias, so that the 
signal from the female-specific RNA in the short exposure is more easily compared 
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Figure 8.1: Detection of transcripts encoded by the DNA from Afs6. 
A Northern blot was prepared for 5ig poly(A) RNA from the following tissue 
samples: 
1 - 2 = adult females 
3 - 4 = adult males 
Autoradiograph of Northern blot hybridised with a probe of the DNA of Afs6, 
including vector arm DNA. 24 hour exposure. 
Autoradiograph of Northern blot hybridised with a probe of the DNA of Afs6, 
including vector arm DNA. 5 day exposure. 
Autoradiograph of Northern blot hybridised with a probe of Drosophila Adh DNA. 








with the signal from the male-specific RNA in the long exposure. The 3.5 kb 
TC pj 
transcript shows female-specific expression, and 	4.0 kb transcript 	either 
female-specific or female-enriched expression, but the inability to detect this 
transcript in male RNA could be due to the lower amounts of male-specific RNA 
present. 
The spatial expression of the 3.5 kb female-specific transcript, and the 4.0 kb female-
specific or female-enriched transcript was investigated by hybridising DNA from 
)..fs6 with Northern blotted poly(A) 4 RNA from hand-dissected ovaries and 
carcasses from adult female Drosophila (Figure 8.2, Panel A). The 3.5 kb female-
specific transcript was shown to be expressed in the RNA from ovaries but not the 
RNA from female carcass tissue. The 4.0 kb transcript was shown to be expressed 
in female carcass tissue, but not in the ovary. Again there was hybridisation with 
the ribosomal RNA which had not been removed during the process of poly(A) 
selection. The hybridisation of a control probe of Drosophila Adh DNA (Figure 8.2, 
Panel B) showed that there was more RNA present from ovaries than for carcasses. 
However, it is clear that Xfs6 encodes a 3.5 kb female-specific transcript that is 
expressed in ovaries and could also be expressed in carcasses and a 4.0 kb 
transcript which is expressed in the non-gonadal tissues of adult female Drosophila, 
but may also be expressed at lower levels in adult males. 
The temporal expression of these transcripts was investigated by hybridising 
radiolabelled DNA from Xfs6 with a developmental profile of Northern blotted 
poly(A) RNA from eggs, first and second instar larvae, early and late third instar 
larvae, pupae, sexed adults and hand-dissected ovaries and female carcasses (Figure 
8. Panel C ). The 3.5 kb transcript was shown to be present in the RNA 
from eggs, first and second instar larvae, early third instar larvae, pupae, hand- 
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Figure 8.2: Detection of transcripts encoded by the DNA from Afs6. 
A Northern blot was prepared for 5ig po1y(A) RNA from the following tissue 
samples: 
= hand-dissected female carcasses 
= hand-dissected ovaries 
A: Autoradiograph of Northern blot hybridised with a probe of the DNA of Afs6, 
including vector arm DNA. 5 day exposure. 
B: Autoradiograph of Northern blot hybridised with a probe of Drosophila Adh DNA. 
5 hour exposure. 
A Northern blot was prepared for 5g poly(A) RNA from the following tissue 
samples: 
1= eggs 
2 = first and second instar larvae 
3 = early third instar larvae 
4 = late third instar larvae 
5 = pupae 
6 = adult males 
7 = adult females 
8 = hand-dissected female carcasses 
9 = hand-dissected ovaries 
C: Autoradiograph of Northern blot hybridised with a probe of the DNA of Afs6, 
including vector arm DNA. 5 day exposure. 
D: Autoradiograph of Northern blot hybridised with a probe of cloned Drosophila 
Adh DNA. 5 hour exposure. 
Size of detected transcripts is indicated alongside in kb. 
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dissected female carcasses and ovaries. The 4.0 kb transcript was not detected. 
However, two new and more abundant transcripts of 2.5 kb and 1.3 kb were 
detected in the RNA from early third iristar larvae. The 2.5 kb transcript was also 
visible in the RNA from pupae, the 1.3 kb transcript was also visible in the RNA 
of adult males and females. Again there is hybridisation to the ribosmal RNA 
which has not been removed in the selection for poly(A) RNA. The integrity and 
loading of the RNA were demonstated by hybridising a control probe of Drosophila 
Adh DNA with the Northern blot (Figure 8.1, Panel D). 
In sununary, the DNA within ).fs6 encodes at least four detectable transcripts: a 
female-specific transcript of 3.5 kb expressed in carcasses and ovaries, a female-
enriched transcript of 4.0 kb which is expressed in the carcass and two transcripts 
of 2.5 kb and 1.3 kb which are strongly expressed at the early third instar stage of 
larval development. These larval transcripts could share coding sequences with the 
3.5 kb female-specific and 4.0 kb female-enriched transcripts or could originate from 
different sequences within the genomic insert of Afs6. 
8.4 	In situ hybridisation of digoxigenin-labelled DNA from Afs6 to whole tissues from 
Drosophila melanogaster 
As described in Chapter 4, detection of transcripts was shown to be possible in 
whole tissue preparations from eggs and adult tissues, including ovaries (Section 
4.7). DNA from ).fs6, including vector arm DNA, was labelled with digoxigenin-
dUTP and hybridised with whole tissue preparations from adult male and female 
Drosophila melanogaster. No hybridisation was seen to the carcass tissue of males or 
females, or to the testis tissue. It is possible that the 4.0 kb transcript is expressed 
at low levels in a number of tissues and is therefore not present in high enough 
142 
amounts to be detected in tissue in situs by the technique used. Hybridisation was 
seen to the ovary presumably representing the expression of the 3.5 kb female-
A, 6 o 
specific transcript (Figure 8.3, PanelsC). Expression was specific to the nurse cells, 
from as early as stages 8 and 9 of oogenesis, expression continuing until stage 12 
of oogenesis, the hybridisation signal being particularly strong in the degenerating 
nurse cell nudei (Figure 8.3, Panek). This strong signal in the degenerating nurse 
cells could be due to increased penetration of the digoxigenin probe as the cell 
begins to degenerate, or could be due to an increase in the concentration of the 
transcript encoded by )%.fs6 as the nurse cell volume decreases. This seems more 
likely than an increase in expression as the role of the nurse cells in supporting the 
developing oocyte is coming to an end. 
Hybridisation of the digoxigenin-labelled DNA from Xfs6 to whole tissue 
preparations of embryos of various stages gave no consistent signals. There was 
• faint signal within the trachaeal tubes, which represents non-specific binding to 
• structure which forms a hollow tube as seen for a control probe of ) and plasmid 
DNA (Figure 4.8, Panel C). 
8.5 Isolation of cDNAs from an ovary cDNA library 
Eco RI digestion was used to separate the vector and insert DNA of ).fs6. The 
restriction fragments resulting from the insert DNA were isolated from an agarose 
gel, radiolabelled and used to screen an ovary cDNA library in the vector Xgtll 
(provided by P. Sullivan, D. Joseph and L. Kalfayan, University of North Carolina). 
From 50,000 plaques screened two positive signals were obtained and phage were 
picked from the appropriate areas of the library plates. These were replated and 
after secondary and tertiary screening well-separated plaques were identified which 
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Figure 8.3: Detection of transcripts encoded by the DNA of Afs6 within the ovary. 
In situ hybridisation to ovary tissue using digoxigenin-labelled DNA from 166, 
including vector arm DNA, showing stages 1 - 9 of oogenesis. Xl 00 
Hybridisation (arrowed) is seen within the nurse cells at stages 7 - 9 of oogenesis. 
In situ hybridisation to ovary tissue using digoxigenin-labelled DNA from Afs6, 
including vector arm DNA, showing stages 10 and 11 of oogenesis.X 100 
Hybridisation (arrowed) is seen within the nurse cells. 
In situ hybridisation to ovary tissue using digoxigenin-labelled DNA from )1s6, 
including vector arm DNA, showing stage 12 of oogenesis. X 100 
Hybridisation (arrowed) is seen to the degenerating nurse cell nuclei. 
o = oocyte 
nc = nurse cells 
fc = follicle cells. 
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hybridised with the insert DNA of )fs6. The two positive cDNA clones will be 
referred to as )ov6i and ii. 
Digestion with Eco RI was used to separate the vector and insert DNA of the ovary 
cDNA clones and the inserts were found to be 2.5 kb and 0.8 kb for ).ov6i and ii 
respectively. Eacg cDNA insert fragment was isolated from an agarose gel and used 
to probe Southern blotted DNA from )fs6. Both cDNAs hybridised with the 4.5 kb 
Eco RI fragment of fs6 which was shown to hybridise with female-specific cDNA 
(Figure 3.2, Panel A). The two cDNAs cross-hybridise and it is likely that they both 
represent sequences from the 3.0 kb ovary-specific transcript. 
Electron microscopy studies on heteroduplex formation between cDNA sequences 
would show the true extent of sequence homology, and heteroduplex formation 
between the cDNAs and genomic DNA might indicate the arrangement of introns 
within the genomic fragment. Paired sequences from cDNAs and genomic DNA 
could also be subjected to Si analysis (this enzyme removes single-stranded DNA) 
which would reveal the sizes of the within the genomic DNA (this is only 
accurate for introns which are represented in full within the cDNA). 
8.6 	Discussion 
These data show that the genomic insert DNA of clone ).fs6 includes a gene which 
encodes an adult female-specific transcript of 3.0 kb which is expressed in the 
female carcass and the nurse cells of the ovary. Sequence analysis of the cDNAs 
which have been isolated from the ovary cDNA library would allow prediction of 
the protein product from this female-specific transcript and comparison with other 
proteins may reveal similar domains which would indicate the mode of action of 
this female-specific protein. 
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The insert DNA of clone )..fs6 also encodes a female-enriched transcript of 4.0 kb 
. 3 
expressed in carcass tissue and at least two other transcripts of 2.5 kb and. kb 
which are expressed in early third instar larvae, but not in adults. These may be 
encoded by the same region of Xfs6 as the 3.0 kb adult ovary-specific transcript or 
could originate from different sequences from within )fs6. The isolation and 
sequencing of cDNAs corresponding to the female-enriched 4.0 kb transcript might 
give an insight into the role of its protein product. The isolation of cDNAs 
representing the larval transcripts from a late third instar larval cDNA library 
would be useful in mapping their transcription units within Afsó, as the cDNAs 
representing each of the transcripts from )fs6 could be mapped to the genomic 
insert DNA of clone Afs6 and electron microsopy studies on heteroduplexes formed 
between different cDNAs would reveal the true extent of sequence homology. 
Sequence analysis of the larval cDNAs could again be used to predict the protein 
product and possibly give an insight into the function of this protein at a stage in 
the Drosophila larvae when the precursors of the adult tissues are developing in the 
form of the imaginal discs. 
Although prediction of the protein products of genes within ).fs6 and comparison 
with proteins with known roles in Drosophila and other organisms gives a useful 
insight into the role of a new gene product, the effects of a mutation within the 
gene can reveal the true requirement of the gene product. The genomic origin of 
the DNA within Xfs6 has been mapped to site 79C1-3 (Section 8.2). 
Clone )fs6 does appear to encode a female-specific and a female-enriched transcript 
expressed in carcass tissue which could explain the isolation of this genomic clone 
in the differential cDNA screen described in Chapter 3 (Smith and Bownes, 
unpublished, 1984). It is also possible that some ovary tissue was included with the 
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female carcass tissue used in the preparation of female-specific cDNA for the 
differential screen and that the 3.0 kb ovary-specific transcript was present with 
high enough frequency to allow the hybridisation signal to clone Xfs6. 
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147 
CHAPTER 9: DETECTION OF TRANSCRIPTS FROM CLONE ).fs7 
9.1 	Introduction 
As described in Chapter 5, DNA from clone )..fs7 has been shown to cross-
hybridise with DNA from clone Xfs3, and the four clones )fs3, Xfs4, Afsó and 
).fs7 are postulated to contain related sequences. 
Eco RI digestion of DNA from done 1fs7 separates the genomic insert DNA 
from the ).. Charon 4 vector arms (left arm 19.9 kb, right arm 11.0 kb) and also 
reveals restriction sites within the genomic insert producing restriction 
fragments of 5.3 kb, 2.5 kb, 0.7 kb and 0.65 kb, the total genomic insert length 
being 9.15 kb. Single and double enzyme digests were used to determine the 
arrangement of restriction sites within the clone (Figure 9.1, Panel A). This 
mapping was facilitated by the subcloning of the 2.5 kb Eco RI fragment into 
the plasmid vector. pGemini-1 (pGEM-1) thus allowing an independent 
restriction map of this fragment to be produced. This clone will henceforth be 
referred to as pGEM-fs7B (Figure 9.1, Panel B). 
9.2 The genomic origin of the DNA contained within clone 1fs7 
As described in Section 5.5.2, the DNA from clone Afs7 has been shown to 
hybridise to site 61E1-3 on the left arm of chromosome arm, and this can be 
assumed to be the origin of the genomic insert DNA. The only other sequence 
mapped to this region of the chromosome is at site 61F and represents one of 
the seven doublesex cognate sequences which cross-hybridise with doublesex under 
low stringency conditions, but do not show sex-specific expression (Belote et al., 
1985). 
9.3 	Detection of transcripts encoded by Afs7 
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Figure 9.1: Restriction map of clone 167 and a subclone of the 2.5 kb Eco RI 
fragment of 167. 
Restriction map of clone Afs7. 
open boxes indicate ). Charon 4 vector arm sequences 
Restriction map of pGEM-fs7B, a subclone of the 2.5 kb Eco RI fragmemt of Afs7. 
open boxes indicate pGemini vector sequences 
Distances between restriction sites are indicated in kb. 
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Adult female-specific cDNA has been shown to hybridise with the 2.5 kb Eco 
RI fragment of Afs7, while male-specific cDNA does not hybridise with any of 
the DNA from Afs7 (Figure 3.2, Panels A and B; Figure 3.3, Panel B). It is 
therefore assumed that DNA within done )..fs7 encodes at least one female-
specific or female-enriched transcript Poly(A) RNA from adult male and 
female Drosophila melanogaster was Northern blotted and hybridised with 
radiolabelled DNA from Afs7, including vector arm DNA. The probe detected 
a transcript of 1.5 kb which was present in the RNA from males and females 
and a 4.0 kb transcript present in male RNA (Figure 9.2, Panel A). A control 
probe of Drosophila Adh DNA hybridised with the same Northern blot showed 
that there was more female RNA present than male RNA (Figure 9.2, Panel B) 
and so the 1.5 kb transcript appears to be slightly male-enriched and the 4.0 kb 
transcript may have male-specific or male-enriched expression. This was not the 
result expected because no hybridisation was observed by male-specific cDNA 
to the DNA from )fs7 (Figure 3.2, Panel B; Figure 3.3, Panel B). 
A probe of pGEM-fs7B, the subclone of the 2.5 kb Eco RI fragment of )Js7 
which hybridised with female-specific cDNA might provide a more specific 
probe for female-specific transcripts. A developmental proffle of mRNA from 
eggs, first instar larvae, second instar larvae, early and late third instar larvae, 
pupae, sexed adults and hand-dissected female carcass and ovary tissue was 
Northern blotted and probed with pGEM-fs7B to investigate the temporal 
expression of the transcripts encoded by this fragment (Figure 9.2, Panel C). The 
probe detected the 1.5 kb transcript in the RNA of males and females, and the 
transcript was seen to have strongly male-enriched expression. The 4.0 kb male-
specific transcript was not detected, but a new transcript of 2.0 kb was detected 
in the RNA of whole adult females and the RNA from hand-dissected ovaries. 
The 2.0 kb transcript was not detected in the RNA from female carcasses, but 
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Figure 9.2: Detection of transcripts encoded by the 2.5 kb Eco RI fragment of )fs7. 
A Northern blot was prepared for 5.&g poly(A) RNA from the following tissue 
samples: 
1 - 2 = adult females 
3 - 4 = adult males 
Autoradiograph of Northern blot hybridised with a probe of pGEM-fs7B, the 
subclone of the 2.5 kb Eco RI fragment of Afs7. 5 day exposure. 
Autoradiograph of Northern blot hybridised with a probe of cloned Drosophila 
Adh DNA. 5 hour exposure. 
A Northern blot was prepared for 5g poly(A) RNA from the following tissue 
samples: 
1= eggs 
2 = first instar larvae 
3 = second instar larvae 
4 = early third instar larvae 
S = late third instar larvae 
6 = pupae 
7 = adult males 
8 = adult females 
9 = hand-dissected female carcasses 
10= hand-dissected ovaries 
= esns 
Autoradiograph of Northern blot hybridised with a probe of pGEM-fs7B. 5 day 
exposure. 
Autoradiograph of Northern blot hybridised with a probe of cloned Drosophila 
Adh DNA. 5 hour exposure. 
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a control probe of Drosophila Adh DNA (Figure 9.2, PanelD) showed that there 
was very little RNA present in this track on the Northen and so expression of 
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tissue. Transcripts which could be equivalent to the 1.5 kb non sex-specific 
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transcript and 2.0 kb female-specific transcript 	 in the RNA from 
eggs, first and second irtstar larvae, but not in the RNA from early and late 
third instar larvae or pupae (Figure 9.2, Panel C). The control probe of AdJi 
DNA (Figure 9.2, Panel D) showed that 
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representing these stages'nd so expression of the 1.5 kb and 2.0 kb transcripts 
at all stages of development is a possibility. 
9.4 	In situ Hybridisation of digoxigenin-labelled DNA to whole tissues from 
Drosophila melanogaster 
pGEM-fs7B was labelled with digoxigenin-dUTP and hybridised with whole 
tissue preparations from Drosophila melanogaster. Use of the digoxigenin-labelled 
pGEM-fs7B probe on whole embryo preparations failed to detect any 
hybridisation. No consistent hybridisation signals were seen in the tissues of 
adult males or the carcass tissue of adult females (data not shown), but there 
was hybridisation to the ovary tissue of adult females, within the nurse cells at 
stages 11 and 12 of oogenesis, especially to the degenerating nurse cells at stage 
12 (Figure 9.3, Panels A, B and C). This strong hybridisation to the degenerating 
nurse cells may be due to an increase in penetration of the probe as the cells 
degenerate, or an increase in the concentration of the transcripts as the nurse 
cell volume decreases, rather than an increase in gene expression at a stage 
when the role of the nurse cells in supporting the developing oocyte is coming 
to an end. 
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Figure 9.3: Detection of transcripts from pGEM-fs7B, the subclone of the 2.5 kb Eco 
RI fragment of fs7, within the ovary. 
A and B: In situ hybridisation to ovary tissue using digoxigenin-labelled pGEM-fs7B 
DNA showing stage 11 of oogenesis. X 150 
Hybridisation (arrowed) is seen within the nurse cells. 
C: In situ hybridisation to ovary tissue using digoxigenin-labelled pGEM-fs7B DNA 
showing stage 12 of oogenesis. Xl 00 
Hybridisation (arrowed) is seen to the degenerating nurse cell nuclei 
o = oocyte 
nc = nurse cells 
fc = fofficle cells. 

















DNA within the genomic clone )Js7 encodes at least one female-specific 
transcript of 2.0 kb which is expressed in the nurse cells of ovaries and may 
also be expressed in female carcass tissue. However, there is an additional and 
more abundant transcript of 1.5 kb which is greatly enriched within male-
specific RNA. This transcript could be highly expressed within the male gonadal 
tissue, and at lower levels within the male carcass tissue, although no 
expression was detected in testis tissue by in situ hybridisation of digoxigenin-
labelled DNA from pGEM-fs7B. It may be necessary to use Northern analysis 
on RNA from hand-dissected testes and male carcasses or possibly a more 
sensitive in situ hybridisation technique to determine whether the expression 
of this 1.5 kb transcript is gonadal or non-gonadal. If the male-enriched 
transcript is expressed at lower levels within the male carcass tissue then the 
isolation of Afs7 as a female-specific clone could be easily explained as the 
differential hybridisation of female-specific cDNA to the clone due to the 2.0 kb 
female-specific transcript. 
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CHAPTER 10: CONCLUSIONS AND PERSPECTIVES 
10.1 Gauging the success of the differential cDNA screen 
The five genomic clones, )fs1, )fs3, )..fs4, Xfs6 and )..fs7, were isolated from a 
differential cDNA screen as putative female-specific clones, expected to encode 
non-gonadal female-specific transcripts (Smith and Bownes, 1984, unpublished). 
This is not the case for all of the dones. Gone Xfsl encodes a non-gonadal 
female-specific transcript of 1.5 kb, but also encodes a number of other 
transcripts. Gone ).fs3 encodes a 1.0 kb transcript with no sex-specificity of 
expression. Clone Xfs4 encodes a 1.5 kb transcript with male-specific or male-
enriched expression. Clone )..fs6 encodes a 3.5 kb female-specific transcript 
expressed in carcass and ovary tissue and a 4.0 kb female-enriched transcript 
which is expressed in the female carcass, as well as other transcripts. Gone 
Xfs7 encodes a female-specific transcript expressed in ovaries, and possibly also 
in female carcass, plus at least one other transcript. 
Clones Xfsl, Afs6 and )..fs7 do therefore encode transcripts with female-specific 
or female-enriched expression which could explain their isolation in the 
differential cDNA screen, but clones Xfsl and ).fs7 also encode other male-
specific or male-enriched transcripts, the expression of which might have been 
expected to prevent the isolation of these genomic clones in a differential 
screen with sex-specific cDNA. 
No female-specific or female-enriched transcripts have been detected from the 
DNA within clones 1fs3 and )fs4. As has been discussed, it is possible that 
these clones were isolated due to cross-hybridisation with the female-specific 
or female-enriched transcripts of related genes within )..fs6 and )fs7. 
The screen can be said to have been at least partially successful in isolating 
genes which encode female-specific transcripts, some of which are expressed 
in non-gonadal tissue, even if the logic behind their isolation is unclear. 
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None of the clones isolated in the differential cDNA screen are reisolates of 
previously identified genes with female-specific expression. This implies that 
there are many more genes with female-specific expression stifi to be identified. 
This could possibly be achieved by more extensive differential cDNA screening, 
or the more sensitive strategy of subtractive screening where, for example 
female-specific cDNA would be hybridised with an excess of male mRNA and 
all cDNA which is bound to mRNA is subtracted away. This leaves cDNA 
representing female-specific transcripts which can be used to screen genomic 
libraries or libraries created from subtracted cDNA (Stratagene). There is also 
the strategy of P-element-mediated enhancer detection, whereby a construct of 
P-element DNA and a reporter gene are mobifised within the genome. If the 
P-element inserts within or close to a gene with female-specific expression then 
the reporter gene may come under the influence of an enhancer bringing 
about its female-specific expression. The genomic DNA in the vicinity of the 
insert should reveal the gene normally under the control of the sex-specific 
enhancer (Wilsonet al, 1989; Grossniklaus et a!, 1989). 
10.2 Gene families 
The differential screen has also isolated four clones with an interesting pattern 
of cross-hybridisation, which are postulated to form a small gene family. The 
encoded transcripts from these genes do not have similar patterns of expression 
and so their gene products would not be expected to have related functions. 
In studies on genes with sex-specific expression there have been a number of 
discoveries of related sequences and gene families. The sex determination gene 
doublesex has homology with seven sequences dispersed in the Drosophila 
genome which have been termed doublesex cognate sequences, none of which 
show sex-specific gene expression (Belote et al., 1985). The three yolk protein 
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genes are closely related in sequence, expression pattern and protein function 
(Hung et al., 1982; Barnett and Wensink, 1981), as are the chorion protein genes 
(Griffin-Shea et al., 1980). A differential cDNA screen for sex-specific dones 
identified two gene families: a small gene family mapping to 75C, all the genes 
of which hybridise with an apparently identical male-specific transcript 
expressed in the male accessory glands (Schafer, 19861),  and a gene mapping 
to 87F which was shown to be related to a cluster of four genes mapping to 
MC, all of which encode transcripts with sperm-specific expression (Kuhn et al., 
1991). 
The discovery of a new gene family is very interesting and again points to the 
overall success of the differential cDNA screening procedure employed by 
Smith and Bownes (1984, unpublished). However, the sequences involved in 
the cross-hybridisation are unusually long to represent related genes which 
would normally only show sequence homology over a short coding region. It 
has been argued that the homology over such a great length could be due to 
large transcripts or small well-separated coding regions. However, the 
transcripts encoded by these genomic clones are not particularly large, and the 
evidence from hybridisation of cDNA to the DNA from the dones is that 
coding sequences are not spread throughout the genomic insert DNA. 
103 Future investigations 
Having identified a number of genes with sex-specific expression patterns, it 
would be interesting to know what these genes do. The isolation and 
sequencing of cDNAs corresponding to each of the transcripts with sex-specific 
or sex-enhanced expression is necessary to give an insight into the role of their 
protein products and the arrangement of transcription units within the clones. 
However, to truly demonstrate a role for these protein products it is necessary 
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to study the effects when the protein is defective or absent. This requires 
mutations in the gene of interest. These are often available, having been 
identified by chance, or having been isolated in mutagenesis screens, but small 
mutations specific to one gene are most useful in the study of gene function. 
A number of strategies have been suggested for the production of mutations 
within specific genes. It is possible to create mutations in large numbers of flies 
using P-element mobilisation, and then mutations within or close to the gene 
of interest can be detected using PCR (the polymerase chain reaction) on the 
genomic DNA of mutant ifies. Two primers are used for the reaction, one from 
sequences within the P-element and the other from sequences within the gene 
of interest. If the P-element has inserted within or close to the gene of interest, 
then a PCR product will result. The insertion of the P-element is hoped to have 
caused disruption within the gene to produce a mutant phenotype by which 
the role of the wild type gene product can be determined. Obviously the 
difficulty is the identification of a single fly with an appropriate insertion from 
the large numbers of mutant ffies produced by the screen. There is the 
additional complication that mutations within genes with important roles in the 
fly can cause lethality and a mutant phenotype may therefore be difficult to 
obtain. However, it may be possible to use such an approach to determine the 
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